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INTRODUCTION 

It has been shown (7,° fig. 9) that during nitrogen fixation by 
Azotobacter at 20 percent oxygen the reaction C,H,,.0,+60.=6CO,+ 
6H,OAH = — 674,000 calories is one reaction that takes place at a 
constant rate for a considerable period of time when adequate oxygen 
is supplied and when the end product (carbon dioxide) is removed 
from the culture as fast as formed. If Azotobacter may be considered 
as a catalyst for this reaction, the rate at which the reaction proceeds 
(within reasonable limits) should be a function of the partial pressure 
of oxygen. 

METHODS 

Studies on the respiratory rate of Azotobacter at different partial 
pressures of oxygen, while fixing nitrogen and also while assimilating 
combined nitrogen, were carried out with the apparatus and technique 
described earlier (7). The different partial pressures of oxygen were 
obtained by filling a series of 12 tanks to 1,000 pounds pressure with a 
mixture of pure oxygen and nitrogen. The concentration of oxygen 
in each tank was then accurately determined by analysis. It was 
thus possible to subject the culture to any one of the 12 different 
partial pressures of oxygen by connecting the proper tank (7, fig. 2,A) 
to the air-conditioning apparatus. 


RESULTS 
RESPIRATORY RATE OF AZOTOBACTER AT DIFFERENT PARTIAL PRESSURES OF 
OXYGEN 
WHILE FixinG NITROGEN 


Twelve hundred grams of a 36-hour culture at pH 7.2 (prepared as 
previously described (7)) was transferred aseptically to the sterile 
calorimeter. A gas mixture containing 17.8 percent oxygen was im- 
mediately started through the system at the rate of 14 liters per hour. 
The measurements were not begun, however, until the rate of respira- 
tion as measured by both the heat and CO, produc tion became 
constant, thus insuring a constant number of living organisms. The 

1 Received for publication January 12, 1942. This investigation was made possible by the National 
Research Council. 

2 The author is indebted to G. N. Lewis, Merle Randall, D. R. Hoagland, A. R. Davis, and C. B. Lipman, 
of the university staff, and to F. C. Steward, of the Department of Botany. Birkbeck College, University 


of London, for interest shown in the work and for valuable suggestions and criticisms, 
? Italic numbers in parentheses refer to Literature Cited, p. 440. 
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rate of heat and CO, production was then studied at six different 
partial pressures of oxygen lower than the partial pressure of oxygen 
in air. At each concentration, the rate of respiration was observed 
continuously for 10 to 18 hours. Starting with 17.8 percent oxygen 
and descending to 0.5 percent, each of the six partial pressures was 
studied in turn. As soon as the rate of respiration with the lowest 
oxygen concentration was determined, the higher concentrations in 
an ascending order were again applied and the respiration rates were 
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Figure 1.—The rate of respiration of Azotobacter (while fixing nitrogen) in the 
presence of six different partial pressures of oxygen less than that in air, applied 
first in a descending order and then in an ascending order. A, Calories per 
hour descending from 17.8 to 0.5 percent oxygen. B, Calories per hour ascend- 
ing from 0.5 to 8.3 percent oxygen. 





determined. In this way, the rate of respiration at each partial 
pressure of oxygen was approached from both extremes. 

Figure 1 shows clearly the response made by the culture when sub- 
jected to the six different partial pressures of oxygen. The rate of 
respiration varied almost directly with the partial pressure of oxygen 
throughout the range studied. In the four higher concentrations less 
than 1 percent of the available oxygen was utilized, while in the lower 
concentrations the value rose to approximately 1.5 percent. Because 
of the enormous gas-liquid interface, and the amount of oxygen avail- 
able, which was about 100 times that used, the cells did not suffer 
from lack of oxygen. To make sure of this, the rate of air flow was 
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increased 50 percent. This, however, did not increase the rate of 
respiration at any oxygen concentration, in spite of the 50 percent 
increase in available oxygen and a corresponding increase in the gas- 
liquid interface. 

It has been shown (7, fig. 8) that if the rate of air flow is decreased 
sufficiently, depending upon the oxygen concentration, a decrease in 
the rate of respiration will result. However, this decrease may be due 
only in part to a lack of oxygen, for under such conditions carbon diox- 
ide would accumulate in the medium, thus causing an increase in the 
hydrogen-ion concentration and other unfavorable conditions. When 
the gas-liquid interface was increased by increased rate of aeration 
(which would result in a more rapid gaseous exchange), a maximum 
rate of respiration was reached. 

Figure 1, B, clearly shows that Azotobacter will respire with a respir- 
atory quotient well above unity if the oxygen concentration is reduced 
below 2 percent. 

The objection may be raised that the number of living organisms 
decreased in the same proportion as the partial pressure of oxygen was 
decreased. It must be remembered, however, that the total change 
in the rate of respiration occurred within less than 15 minutes after 
the partial pressure of oxygen was altered. After this sudden shift in 
concentration, the rate of respiration remained constant until the 
partial pressure of oxygen was again changed (see 7, fig. 6). It is not 
reasonable to assume that the required number of organisms would 
die within such a short time in order to effect the observed decrease 
in the rate of respiration. 

To demonstrate again that the number of living organisms did 
remain constant and were at a steady state regardless of the partial 
pressure of oxygen used, the rate of respiration was studied with 
increasing partial pressures of oxygen as described. Proceeding from 
the low partial pressure of oxygen to the higher, the total increase in 
the rate of respiratién occurred within 15 minutes after the higher 
oxygen concentration reached the culture. Here, again, to account 
for this sudden increase in rate of respiration by an increase in the 
number of living organisms, it would be necessary to assume that the 
culture almost doubled its number within 15 minutes. 

Twenty hours after the beginning of the experiment the rate of 
respiration with 8.3 percent oxygen was found to be 56 calories per 
hour. The rate of respiration with this same concentration of oxygen 
was again studied 110 hours later, under the same conditions, but after 
the partial pressure of oxygen had undergone nine changes. In spite 
of such changes in the oxygen concentration and the lapse of 110 hours, 
the rate of respiration was 51 calories per hour. The respiration rates 
at 40, 70, and 110 hours with 2.1 percent oxygen were found to be 
22, 23, and 25 calories per hour respectively. Here, again, the rate 
of respiration is the same for a given oxygen concentration and is not 
affected by the previous oxygen treatment. At 50, 80, and 100 hours, 
the rate of respiration was 17, 17, and 15.5 calories per hour, respec- 
tively, with 1.1 percent oxygen. One hundred and thirty hours after 
the beginning of the experiment the final observation was made on 
the rate of respiration at 8.3 percent oxygen (fig. 1). Pure oxygen 
was immediately added and the respiratory rate was determined 
45 minutes later. The rate of respiration as measured by both the 
CO, and heat production was found to increase from 56 to 245 calories 
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per hour. In other words, there was a 338 percent increase in the rate 
of respiration within 45 minutes (and very likely within 15 minutes, 
had readings been n ade) after the oxygen tension was increased from 
8.3 to 100 percent. It is hardly reasonable to assume that the living 
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FicurE 2.—The rate of respiration of Azotobacter (while fixing nitrogen) subjected 
to partial pressures of oxygen covering the entire range. The points designated 
by the asterisk represent the CQ, evolved during 1 hour, the oxygen tension 
remaining at the lower value for 20 minutes and at the higher value for the 
remaining 40 minutes. The average tension is therefore the lower tension plus 
two-thirds the difference between it and the next higher oxygen tension. A, 
data from experiments O and §; B, the three lowest points in the data from 
experiment O plotted on a larger scale. 


cells in the culture, subjected to so many different partial pressures of 
oxygen, could either increase or decrease in number in such a short 
time and at the same time be dependent only on the partial pressure 
of oxygen supplied. 

To determine the effect of different oxygen concentrations above 
that in air on the rate of respiration and to confirm the results obtained 
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with partial pressures of oxygen less than that of air, the experiment 
was repeated. The culture was allowed to reach a steady state in 
18 percent oxygen after which time the experiment was started with 
nitrogen conte.aing 0.1 percent oxygen. The higher oxygen con- 
centrations wore in turn forced through the culture and the rate of 
respiration determined by both the heat and CO, produced. The 
results are shown in figure 2. 

The results of this experiment confirm those of the previous experi- 
ment (fig. 1) over the lower range and show that the rate of respiration 
increases in the higher oxygen concentration up to 60 percent oxygen. 
Above this amount the curve appears to flatten out, but in no case 
does the rate of respiration decrease with increasing oxygen concentra- 
tions. 

The two CO, points at 40 and 60 percent do not coincide with the 
heat measurements. It is possible that the rate of air flow was 
scarcely sufficient to prevent a slight accumulation of CO, in the 
medium. However, the heat measurement points fell on the curve, 
showing that this slight accumulation of CO, was not toxic. When 
100 percent oxygen was added, the rate of aeration was increased from 
12 to 14 liters per hour and under these conditions the rate of respira- 
tion, as calculated from the CO, evolved, became equal to the observed 
value. 

To show again that the number of living organisms remained con- 
stant and that the same rate of respiration at these oxygen concen- 
trations can be obtained by approaching from either the low or the 
high oxygen concentration limit, the oxygen tension was suddenly 
dropped from 100 to 60 percent and the rate of respiration was deter- 
mined at an aeration rate of 14 liters per hour. After the effect of 60 
percent oxygen was studied, 38 percent oxygen was substituted. In 
both cases the points fell on the curve (the highest carbon dioxide 
points at 40 and 60 percent oxygen). At these two points a 17 percent 
increase in the rate of aeration did not increase the observed rate of 
respiration above that obtained with the lower values for air flow. 
However, the calculated rate as determined by the carbon dioxide 
evolved was increased, but not beyond the observed rate. 

Figure 2, B, shows the three lowest points of experiment O plotted 
on a larger scale. It is evident that more carbon dioxide is evolved 
than can be accounted for by the heat produced, which suggests that 
under these conditions Azotobacter is able to utilize combined oxygen 
to carry on respiration: In calculating the respiratory quotient 
(calories per hour calculated from the carbon dioxide evolved to the 
calories per hour observed) for Azotobacter subjected to different partial 
pressures of oxygen, it is evident (table 1) that in 0.1 percent oxygen 
this quotient is very high. A respiratory quotient of unity was not 
approached until the oxygen concentration had reached 2 percent. 

In order to confirm the results obtained with the higher oxygen con- 
centrations in experiment O, the experiment was repeated. In this 
experiment, the oxygen concentrations below that of air were omitted, 
but in order to define the upper portion of the curve more accurately 
78.8 and 90.3 percent concentrations were also used. 
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TABLE 1.—Respiratory quotient of Azotobacter while fixing nitrogen under different 
partial pressures of oxygen 
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The calorimeter was aseptically charged with a growing culture of 
Azotobacter, as previously described, and 21 percent oxygen was sup- 
plied until the rate of respiration reached a constant value. Each 
oxygen concentration was applied in turn and the rate of respiration 
measured continuously by both heat evolution and CO, absorption 
methods for 5 to 8 hours. 

Results from experiment S, in figure 2, confirm those of experiment 
O and show again that the rate of respiration is dependent on the par- 
tial pressure of oxygen and that it is almost directly proportional to 
the oxygen concentration up to 60 percent. Both the heat produced 
and the heat that should have been liberated, as calculated from the 
CO, evolved, gave the same results. At 60 percent oxygen the rate of 
respiration continued to increase at the normal rate, while at 78 per- 
cent oxygen the rate (as measured by the CO, evolved) reached a 
maximum very abruptly. The observed rate of respiration did not 
increase sharply at this point. 

It was further noted that at this latter oxygen concentration, only 
53 percent of the energy liberated, as calculated from the CO, evolved, 
was found as heat. That this represents a critical point is evident 
from the fact that the rate of respiration remained constant at 78 
percent oxygen for 4% hours. The oxygen concentration was greater 
than 60 and lower than 90 percent for 6% hours, as shown by eignt CO, 
determinations. The points designated by the asterisk represent the 
rate of respiration due to the slight mixing of the two gas mixtures in 
the apparatus when the oxygen concentration was increased to the 
next higher value. At 90 percent oxygen all the energy liberated, as 
calculated from the evolved CO,, was again found as heat. With but 
one CO, measurement and no heat measurements at 100 percent 
oxygen the rate of respiration at this concentration is uncertain in this 
experiment. 

It is difficult to explain the sudden increase in respiration as shown 
by the CO, evolved at 78 percent oxygen. It is interesting to note, 
however, that the oxygen-nitrogen ratio (78 percent oxygen) which 
gave the maximum rate of respiration is the same as that in the nitrate 
ion. A further discussion will be presented later. 
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To demonstrate that a maximum does exist at 78 percent oxygen, 
the experiment was carefully repeated a month later, care being taken 
to remove completely the carbon dioxide from the culture by increas- 
ing the rate of aeration as the rate of respiration increased. The 
results are shown in figure 3, experiment T. Here; as in experiment S 
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Figure 3.—The rate of respiration of Azotobacter (while fixing nitrogen) subjected 
to oxygen concentrations from 20 to 100 percent. The points designated by 
the asterisk represent the carbon dioxide evolved during 1 hour, the oxygen 
tension remaining at the lower value for 20 minutes and at the higher value for 
40 minutes. The average oxygen tension is therefore the lower tension plus 

two-thirds the difference between it and the next higher oxygen tension, 


(fig. 2), a maximum calculated rate of heat production occurred at 
78 percent oxygen. This experiment also shows that the rate of 
respiration at 100 percent oxygen is slightly greater than at 90 per- 
cent. Experiment N is shown (fig. 3) in order that the slopes of the 
two curves may be compared. 

An experiment was conducted in order to make certain that the 
culture was fixing nitrogen throughout the entire time the experiments 
were being conducted. One liter of sterile medium was transferred to 
a Dewar flask which was submerged in a water bath at 25° C. The 
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nitrogen-free medium was inoculated with 10 cc. of inoculum from the 
same source as that used in the other experiments. The culture was 
vigorously aerated with preconditioned air in a manner similar to that 
described earlier (7). 

An indication of*the heat produced by the culture was obtained by 
measuring the rise in temperature inside the Dewar flask with the aid 
of a Beckmann thermometer. The temperature of the water bath, 
in which the culture was submerged, was increased at the same rate 
as the temperature increased inside the Dewar flask. By this means 
the heat leak of the culture was reduced to a negligible amount. The 
amount of carbon dioxide evolved and the rise in temperature were 
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Figure 4.—The rise in temperature, the amount of nitrogen fixed, and the CO, 
evolved by a culture of Azotobacter over a period of 100 hours. 


determined at regular intervals. Samples of the culture were removed 
at intervals and the total nitrogen determined by a standard method. 
The results are shown in figure 4. 

It is evident that nitrogen fixation took place throughout the entire 
100-hour period. It appears that after the rate of carbon dioxide 
production reached a constant value, the rate of nitrogen fixation also 
appeared to be constant and was closely correlated with the rise in 
temperature and the rate at which carbon dioxide was liberated. 

Concerning the maximum respiration rate at 0.8 atmosphere ob- 


tained by the author (figs. 2 and 3), Lineweaver, Burk, and Horner 
(11, p. 503) state: 


* * * The value of maximum respiration at 0.8 atmosphere O, reported by 
Fife * * *4 was obtained under conditions where oxygen pressure was not 
the only variable. The sugar concentration decreased considerably (about 10 


4 In Science 73:533. 1931. 
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gm. per liter) during the course of the experiment, and the rate of gas flow was 
increased at the higher oxygen pressures (private communication). The ratio of 
gas-liquid interface to volume of solution (as distinguished from the far less 
important ratio of volume of gas to volume of liquid) was critically low and any 
resulting lessened removal of CQ, or establishing of respective equilibrium con- 
centrations of O, (at different O2 pressures) in all local parts of the culture medium 
would result in a raised maximum, not a lowered maximum as Fife believed. 
This criticism, in the opinion of the writer, is not only in error, but 
is also unwarranted for several reasons. (1) the oxygen pressure 
was not.a variable. In all experiments, the gas mixtures were sup- 
plied from tanks as described (7). It is obvious that the oxygen pres- 
sure remained constant at al] partial pressures of oxygen studied. 
(2) The sugar concentration did not decrease about 10 gm. per liter 
as stated. The total amount of sugar present was only 10 gm. In 
experiment S (fig. 2), in which the maximum amount of sugar was 
consumed, only 50 percent was liberated as carbon dioxide. In the 
experiments in which combined nitrogen was supplied to the culture, 
only 24 percent of the available sugar was consumed. It seems logical 
from the mass law that such a decrease in this reactant would result 
in a decrease in the rate of respiration if the critical concentration was 
approached. (3) It is true that the rate of aeration was increased at 
the higher partial pressures of oxygen (7, fig. 8). However, a 67 
percent increase in the rate of aeration’ above 14 liters per hour did 
not increase the rate of respiration. It appears that Burk and asso- 
ciates failed to appreciate the enormous gas-liquid interface supplied 
by rapid aeration with small bubbles of gas which rise through the 
liquid to the surface of the culture. A detailed discussion of this 
enormous gas-liquid interface available by rapid aeration is found 
elsewhere (see 7, p. 235). It may be stated, however, that at the 
maximum rate of respiration (1,160 calories per hour) 231.5 cc. of 
oxygen was utilized by the 1,200 cc. of medium, which was only 1.5 
percent of the total oxygen available. At this rate of respiration each 
cubic centimeter of medium absorbed 0.195 cc. of oxygen per hour. 
The total gas-liquid interface exposed to the culture over a period of 1 
hour was 210,000 cm.?; that is to say, each cubic centimeter of medium 
had 175 cm.? of gas-liquid interface from which to absorb 0.195 cc. of 
oxygen in 1 hour. This does not include the interface at the surface 
of the medium. (4) Equilibrium was established within a few 
minutes upon changing the partial pressure of oxygen to either 
higher or lower values. This has been demonstrated (7, fig. 6.) 


WuiLeE AssIMILATING THE AMMONIUM ION 


To determine whether or not the sudden increase in respiration, as 
measured by CO, produced at 78 percent oxygen, is associated with 
nitrogen fixation, experiments were carried out in which the culture 
was supplied with combined nitrogen and the rate of respiration was 
studied over the entire range of oxygen pressures as before. In these 
experiments the ammonium ion was added to prevent fixation of 
atmospheric nitrogen. The medium was the same as that previously 
used, except that 200 mg. of nitrogen as ammonium sulfate was 
added. The medium was inoculated and aerated as before and then 
transferred aseptically to the sterile calorimeter. Aeration was at 
once begun with 20 percent oxygen and continued until the rate of 
heat and CO, production became constant. 
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The experiment was then begun by aerating with 0.1 percent 
oxygen at the rate of 15.7 liters per hour. One percent oxygen was 
next added, and from then on the oxygen concentrations were increased 
until the culture was subjected to pure oxygen. As the rate of CO, 
production increased, the gas-liquid interface was increased by in- 
creasing the rate of aeration, in order to maintain the CO, concen- 
tration in the medium at a minimum. The air flow was increased 
from 15.7 to 17.5 liters per hour when 40 percent oxygen was added, 
and at 60 percent oxygen it was increased to 18 liters per hour. When 
80 and 100 percent oxygen was added, the rate of air flow was in- 
creased to 19.5 liters per hour. The effect of different oxygen con- 
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Figure 5.—A, The rate of respiration of Azotobacter (while assimilating the am- 
monium ion) under oxygen concentrations from 0.1 to 100 percent; B, data 
for low oxygen concentrations plotted on an enlarged scale. 


centrations on the rate of respiration, when the ammonium ion was 
assimilated, is summarized in figure 5. 

Apparently the rate of air flow was insufficient at 40 percent to 
remove the carbon dioxide, in spite of the increased rate of air flow. 
The increase made at 60 percent improved conditions, but not until 
the air flow was increased to 19.5 liters per hour at 80 percent oxygen 
was it sufficient to remove the carbon dioxide effectively. Here the 
rate of respiration is almost directly proportional to the partial pres- 
sure of oxygen between 2 and 80 percent. From 80 to 100 percent 
oxygen, the rate of respiration continued to increase but at a slower 
rate. It will be noticed that the curve also flattens out below 2 
percent oxygen (fig. 5, B), thus showing that at these low concentra- 
tions the rate of respiration is not affected by a further decrease in 
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the partial pressure of oxygen. The curve also shows the extent to 
which intramolecular respiration is taking place. 

Column 4 of table 2 shows that the respiratory quotient of Azoto- 
bacter did not reach unity until an oxygen concentration of 5 percent 
was reached. It appears that Azotobacter is able to catalyze fermenta- 
tion reactions to a considerable extent at the lower oxygen pressures 
when the ammonium ion is present and even to a small degree in 
concentrations of oxygen as high as 5 percent. No sudden increase 
in the rate of respiration at 78 percent oxygen was obtained when 
combined nitrogen in the form of the ammonium ion was supplied to 
the culture. 


TaBLE 2.—Respiratory quoiient of a culture of Azotobacter while assimilating the 
ammonium ton under different partial pressures of oxygen 
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WHILE ASSIMILATING THE NITRATE ION 


To study the rate of respiration of a culture of Azotobacter while in 
the process of assimilating the nitrate ion, the above experiment was 
carefully repeated except that the medium contained 200 mg. of nitrate 
nitrogen instead of.the ammonium ion. This medium had a pH of 
7.1 as compared to 7.2 for the ammonia experiment. The rate of air 
flow was 14 liters per hour for the lower oxygen concentrations. At 
40 percent oxygen the air flow was increased to 15.7 liters per hour; 
at 100 percent, to 17.8 liters. This experiment is summarized in 
figure 6. 

From 10 percent to pure oxygen the rate of respiration was directly 
proportional to the partial pressure of oxygen, as measured both by 
the heat produced and the carbon dioxide evolved. Owing to the 
clogging of the cooling coil inside the calorimeter it was impossible to 
make heat measurements and thereby confirm the carbon dioxide 
measurements at 100 percent oxygen. 

It is quite evident from fig. 6, B, and table 3 that anaerobic dis- 
similation and probably nitrate reduction takes place to a large extent 
below 5 percent oxygen. The respiratory quotient decreased from 5 
at 1 percent to 0.97 at 11.5 percent oxygen. It is evident that the 
high respiratory quotients cannot be ascribed to a lack of atmospheric 
oxygen, since less than 1 percent of the available oxygen was utilized. 
The fact that the rate of respiration of Azotobacter was greater in the 
presence of the nitrate ion than when the ammonium ion was available 
indicates that the nitrate ion may be preferred. 
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Figure 6,—A, the rate of respiration of Azotobacter (while assimilating the nitrate 
ion) under oxygen concentrations ranging from 1 to 100 percent; B, the data 
for low oxygen concentrations plotted on an enlarged scale. 


TaBLE 3.—Respiratory quotients of Azotobacter obtained while the culture was 
assimilating the nitrate ion under increasing partial pressures of oxygen 
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CHANGE IN THE RESPIRATORY QUOTIENT WITH DECREASING PARTIAL PRESSURES 
OF OXYGEN 


Since the publication of the free-energy data by Lewis and Randall 
(9), attempts have been made to determine the efficiency of nitrogen 
fixation by Azotobacter at different oxygen concentrations. It must be 
remembered that the free energy liberated by intramolecular reactions 
is as available to the cell as that liberated by the consumption of free 
oxygen, provided the reaction releasing such free energy is a step in 
the series of reactions which are vital to the cell. In view of this, the 
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Figure 7.—The increase in intramolecular respiration with decreasing concentra- 
tions of oxygen by Azotobacter during nitrogen fixation and nitrogen assimila- 
tion: a, Nitrate-ion assimilation; 6, ammonium-ion assimilation; c, nitrogen 
fixation. 


energy liberated by intramolecular reactions must be taken into 
account before the efficiency of any cell process can be determined. 

The data in figure 7 are presented to show how the respiratory quo- 
tient of Azotobacter increases during nitrogen fixation and nitrogen 
assimilation with decreasing oxygen concentrations. 

It is evident from figure 7, a and b, that anaerobic dissimilation 
(reactions involving combined oxygen) is taking place to a marked 
degree by Azotobacter while assimilating either the nitrate or the 
ammonium ion. At partial pressures of oxygen greater than 5 per- 
cent, these reactions were not detectable. At this and lower values, 
especially in the presence of the nitrate ion, Azotobacter utilizes large 
amounts of combined oxygen with the production of carbon dioxide. 
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The curve clearly shows the ease with which Azotobacter is able to 
utilize combined oxygen for respiration in the presence of the nitrate 
ion and at low oxygen pressures where free oxygen is not readily 
available. 

When Azotobacter was forced to fix atmospheric nitrogen (fig. 7, ¢) 
it is evident that a lower partial pressure of oxygen was necessary to 
force the cells to catalyze intramolecular reactions than when com- 
bined nitrogen was present. In two separate experiments the respira- 
tory quotient was found to remain at unity until the partial pressure 
of oxygen was reduced to 2 percent. Below this concentration, how- 
ever, the respiratory quotient increased rapidly until at 0.1 percent 
oxygen, where it reached a value of 3. It is clearly evident that the 
free oxygen consumed by Azotobacter at partial pressures below 2 per- 
cent is by no means a measure of the total energy liberated. 


DISCUSSION 


The data presented here and in previous papers (6, 7) are not in 
agreement with those of other investigators. Meyerhof and Burk 
(12) and Burk and associates (2, 3, 4), Lineweaver (10), and Line- 
weaver and associates (11) have presented considerable data on the 
physiology of Azotobacter with special reference to the efficiency of 
nitrogen fixation and efficiency of growth. In these experiments the 
Warburg (13) apparatus was used exclusively for measuring the rate 
of respiration (free oxygen consumed). The efficiency of nitrogen 
fixation and the efficiency of growth of Azotobacter were determined 
over the entire range of oxygen pressures, with the Warburg apparatus 
and technique (13). A critical discussion of this has been given by 
the author (7). Meyerhof and Burk (/2) report that the rate of 
respiration increased with increasing oxygen pressure until 15 to 20 
percent oxygen was reached. Above this concentration, they found 
that the respiration rate fell off rapidly. The experiments of these 
investigators show that the rate of respiration in pure oxygen is from 
one-third to one-half the value for air. 

The author has failed to confirm the findings of these workers. In 
10 experiments (examples of which are shown in figures 1, 2, 3, 5, 
and 6) more than 100 separate measurements on the rate of respiration 
of Azotobacter were made, in which five concentrations of oxygen 
greater than that in air were used. Each of these separate measure- 
ments (eight examples of which are shown in detail in figure 6 of an 
earlier paper) (7) consisted of measuring simultaneously the heat and 
carbon dioxide produced over a period of at least 2 hours. In every 
case the author found the rate of respiration of Azotobacter in con- 
centrations of oxygen above 20 percent to be greater than at 20 
percent. 

The duration of experiments S (fig. 2) and T (fig. 3) was 38 and 
36 hours, respectively. By making the heat and carbon dioxide 
measurements continuously for the entire time in each experiment, 
any decrease in the rate of respiration would surely have been detected. 
Continuous heat and carbon dioxide measurements were also made in 
experiments R (fig. 5) and P (fig. 6) which were of 80 and 140 hours 
duration, respectively, with no indication of a decrease in the rate of 
respiration at the higher oxygen concentrations. 

It is difficult to see how equilibrium between the gas and liquid 
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phases could have been reached and maintained with the apparatus 
used by Meyerhof and Burk, in the light of the data presented by the 
author, which demonstrates the precautions necessary to supply the 
culture with adequate oxygen. It is doubtful whether the gas ex- 
change could proceed rapidly enough at the higher oxygen pressures 
in the Warburg apparatus to allow respiration to take place at a 
maximum rate. In view of the fact that the total volume of their 
apparatus was only 12 cc., convection currents in both the gas and 
liquid phase would be very small. Circulation of the gas would also 
be reduced to a minimum owing to the shape of the apparatus and the 
constant temperature at which it was maintained. It is true that the 
whole apparatus was rocked back and forth at a constant rate. 
However, this rate (120 cycles per minute, according to observations 
made by the author) was probably not rapid enough to break the sur- 
face of the liquid and by actual measurements the liquid was raised 
approximately 2 mm. on the side of a vessel similar to that used by 
Meyerhof and Burk (12) when the rate of shaking was 120 cycles per 
minute at an amplitude of 3 cm. 

A striking example of the need for vigorous stirring was clearly 
demonstrated in an earlier paper (7, fig. 9). The points designated 
by the asterisk were obtained while the mechanical stirrer was idle. 
Although the culture was being vigorously aerated at the rate of 14 
liters per hour, the stirring by aeration alone was only sufficient to 
produce a rate of respiration one-half of the maximum. In spite of 
such a high rate of aeration and a large gas-liquid interface, vigorous 
mechanical stirring was found to be indispensable for the cells to 
respire at a Maximum rate. 

Meyerhof and Burk (12) apparently assumed that the amounts of 
oxygen consumed were too small to alter the concentration of the gas 
phase. By actual measurement the author found that a maximum of 
0.21 cc. of oxygen was consumed per cubic centimeter of medium per 
hour. It may well be that in their experiments the carbon dioxide 
was not removed from the medium rapidly enough to insure the most 
rapid rate of respiration, especially at the higher oxygen concentra- 
tions. As the pH of the medium used by these investigators was 7.3, 
this alone would retard the carbon dioxide from diffusing from the 
medium into the atmosphere above, at least until the concentration 
of carbon dioxide in the medium became appreciable. Moreover, 
the concentration of carbon dioxide necessary to become toxic would 
be reached much sooner at the higher oxygen pressures, due to in- 
creased rate of respiration. As a consequence, the rate of respiration 
would probably fall off sharply. 

In the experiments performed by Meyerhof and Burk the ratio of 
carbon dioxide-free air to the volume of the culture was about 6 to 1 
and the air was not bubbled through the culture medium. The author 
found it difficult to remove effectively the carbon dioxide at the higher 
oxygen concentrations when the carbon dioxide-free air bubbled 
through the well mechanically stirred medium (pH 7.2). This was 
found to be true even when the ratio of carbon dioxide-free air to the 
volume of medium was 15 to 1. As a matter of fact, in some experi- 
ments this ratio had to be increased to 18 to 1 (with corresponding 
increase in the gas-liquid interface) before the carbon dioxide was 
effectively removed. The necessity of vigorous aeration for securing 
a maximum rate of respiration is seen clearly when it is realized that 
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the 18 liter per hour rate completely replaced and swept out all the 
gas in the calorimeter once every minute. 

It appears that the Warburg apparatus as used by Meyerhof and 
Burk (12) and Burk (2, 3) and Burk and Lineweaver (4) is probably 
unreliable and incapable of effecting the very rapid and large gas 
exchange that is necessary if Azotobacter is to respire at a Maximum 
rate at the higher oxygen pressures. Hunter (8) found that the 
maximum growth rate for Azotobacter could be obtained only under 
conditions of vigorous aeration. 

Meyerhof and Burk (12) and Burk (3) concluded from certain of 
their experiments that the nitrogen fixation process is more efficient 
(less energy is expended per milligram of nitrogen fixed) at the lower 
oxygen pressures. They state that the efficiency is 10 to 20 times 
greater at 0.1 percent oxygen than in air. These investigators pre- 
pared the experimental organisms by first growing them for 24 to 48 
hours in 250-ce. gas wash bottles containing 50 cc. of culture medium. 

During this period the cultures were aerated with compressed air 
(21 percent oxygen) at the rate of 100 cc. per minute. After proper 
dilution with sterile media to obtain the desired number of organisms, 
3 to 5 cc. of this culture was transferred to the respiration vessel. 
It is important to point out that the cells and medium have been 
aerated and in contact with air containing the normal amount of 
oxygen. Consequently, the cells and media are saturated with 
oxygen at a pressure equal to that in air. 

In order to study the efficiency of nitrogen fixation at 0.1 percent 
oxygen these workers passed this gas mixture down through the manom- 
eter stopcock and out of the ground-glass opening in the neck of the 
side cup of the reaction vessel at the rate of 1 to 2 liters per minute for 
2 or 3 minutes. The stopcock and side cup were then closed simul- 
taneously. At the maximum these investigators relied on 6 liters of 
gas flowing through the apparatus to sweep all the air from such an 
irregular-shaped vessel. At the same time they attempted to estab- 
lish a gas mixture of 0.1 percent oxygen and to reduce the oxygen 
concentration of the culture medium from 20 in one case to 0.12 per- 
cent oxygen in 2 to 3 minutes without the gas bubbling through the 
medium, 

It is difficult to see how the system set up by the above investigators 
could be brought to a steady state with respect to the gas-medium 
phase, especially where a 200-fold oxygen-pressure change was in- 
volved, with only 6 liters of gas passing over the medium in the course 
of 2 to 3 minutes. The data presented by the author (7, fig. 7) show 
that it required from 8 to 14 hours for no less than 160 liters of gas to 
bubble through the well-stirred medium. It appears from the data 
presented here that the experiments of Meyerhof and Burk on the 
efficiency of nitrogen fixation were completed before equilibrium was 
reached at the lower partial pressures of oxygen. 

It must be remembered that it is not the partial pressure of oxygen 
over or in the culture medium that ultimately controls the rate of 
respiration, but the partial pressure of oxygen within the living cells 
where the reaction is taking place. It is the concentration of oxygen 
at this point that must be reduced from 20 to 0.1 percent before it can 
be said that the organisms are respiring under the influence of the 
lower gas mixture. 

Meyerhof and Burk (12, p. 139) present a curve the data for which 
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were obtained by the above-described technique. The data show an 
increase in efficiency of nitrogen fixation with decreasing oxygen pres- 
sures. These investigators point out from this curve that the effi- 
ciency of nitrogen fixation increases from approximately 1 percent at 
0.20 atmosphere to approximately 4 percent at 0.02 atmosphere of 
oxygen. At this point the slope of the curve is shown to increase 
rapidly as the partial pressure of oxygen approaches zero. Under 
these same conditions, the efficiency of nitrogen fixation is shown to 
approach a value of 12 percent. 

When studying the energy relations of a biological process at the 
lower partial pressures of oxygen, where intramolecular respiration is 
possible, a measure of only the free oxygen consumed would be un- 
reliable and misleading. If an organism is catalyzing several energy- 
yielding reactions in which combined oxygen and free oxygen are 
utilized simultaneously, it is evident that a measurement of only the 
free oxygen consumed would be of little value in determining the 
total energy liberated. Similarly, if only the carbon dioxide evolved 
were measured in such a case, it too would fail to point out the true 
energy relations. 

As these investigators based their entire measurements on the free 
oxygen absorbed, it is only natural that they should observe increased 
efficiencies of nitrogen fixation at the very low oxygen pressures be- 
cause of intramolecular respiration. (See figure 7 for the extent to 
which intramolecular respiration takes place while both nitrogen fixa- 
tion and nitrogen assimilation are taking place. 

The conclusions drawn by Meyerhof and Burk (/2) on the efficiency 
of nitrogen fixation, and also by Burk and Lineweaver (4) on the effi- 
ciency of growth at the lower oxygen pressures are therefore question- 
able for two reasons: (1) When partial pressures of oxygen lower 
than 5 percent were used, true equilibrium was probably not obtained; 
that is, the oxygen absorbed by the medium and the cells was not 
completely removed and a steady state established at the lower oxygen 
value before the experiments were begun. No data were presented 
on this point. (2) Meyerhof and Burk did not attempt to measure 
the intramolecular respiration that took place. It must be admitted 
that conditions are extremely favorable at such low pressures of 
oxygen for the culture to catalyze such reactions and the free energy 
liberated by them must be considered in the efficiency of the nitrogen 
fixation process and the efficiency of growth. 

That Azotobacter does catalyze reactions not involving free oxygen 
with the liberation of energy cannot be doubted in the light of Bo- 
nazzi’s (1) experiments which have been well confirmed by the author. 
The extent to which such reactions take place is brought out in tables 
1, 2,3; in B of figures 1, 2, 5, and 6; and in figure 7. When the culture 
was forced to fix nitrogen, it is seen that at 0.1 percent oxygen only 
one-third of the carbon dioxide produced could be accounted for by 
the heat evolved. In other words, at 0.1 percent oxygen, respiration 
with free oxygen was but one-third of the total respiration that took 

lace. 
From table 1, it is seen that the gas mixture must contain at least 2 
percent oxygen before reactions involving combined oxygen are re- 
duced to a point at which they are negligible. When Azotobacier was 
respiring in the presence of combined nitrogen, the experiments show 
that it required considerably higher concentrations of oxygen to 
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reduce intramolecular respiration to a minimum. It is evident that 
the amount of energy liberated by intramolecular reactions is appreci- 
able, in proportion to the total amount liberated, at the low oxygen 
pressures. 

There are several points of striking interest in the data presented 
which may shed some light on the mechanism of nitrogen fixation. 
It was shown in a previous paper (6) that the sudden increase in the 
rate of respiration during nitrogen fixation, as measured by the carbon 
dioxide evolved, occurred at the same oxygen-nitrogen ratio (78 per- 
cent oxygen) as found in the nitrate ion. At this oxygen value (figs. 2 
and 3) the heat produced was only 62 and 52 percent of that calculated 
from the carbon dioxide evolved for the two experiments reported. 
That this fact is significant is evident when it is recalled that no maxi- 
mum rate of respiration as measured by the carbon dioxide evolved 
occurred at this oxygen tension when nitrogen in the form of the 
ammonium or the nitrate ion was supplied to the culture. 

In every case in which nitrogen in a combined form was supplied 
to the culture the heat measured was equal to that calculated from 
the carbon dioxide evolved in the regions where intramolecular 
respiration was absent. 

It is interesting to note that the increase in rate of respiration per 
unit increase in the partial pressure of oxygen is greatest when the 
culture is assimilating the nitrate ion. Here the rate of respiration 
is directly proportional to the partial pressure of oxygen. This ratio 
of unity remained constant over the entire oxygen range above 
5 percent. It required a greater concentration of oxygen to prevent 
intramolecular respiration when the culture was assimilating the 
nitrate ion than when nitrogen was supplied as an ammonium salt 
or by nitrogen fixation. 

Bonazzi (1), on recalculation of data published by Hills, pointed 
out that Azotobacter is able to liberate nitrogen by utilizing the oxygen 
from the nitrate ion and that the nitrate ion is used by Azotobacter 
in preference to the ammonium ion. 

The data presented here show that the metabolic activities of Azo- 
tobacter are greater in the presence of the nitrate ion than in the pres- 
ence of the ammonium ion. This would also indicate a preference for 
the nitrate ion by Azotobacter. 

If Bonazzi’s interpretation of data published by Hills is correct, 
it would appear that Azotobacter is capable of catalyzing the reaction 
2NO,;—>N.2+30,. 

The fact that below 5.0 percent oxygen Azotobacter catalyzes cer- 
tain reactions not involving free oxygen (this is shown by the fact that 
the heat evolved is much less than that calculated from the carbon 
dioxide produced (fig. 6)) may also indicate that oxygen is being 
taken from the nitrate ion. If the oxygen is not taken from the 
nitrate ion then the presence of the nitrate ion is unique in that it is 
instrumental in causing the oxygen to be removed from other com- 
pounds and liberated as carbon dioxide. From these considerations 
it is not unreasonable to suppose that Azotobacter may catalyze the 
above reaction in either direction. 

Several writers have suggested that the first product of nitrogen 
fixation by Azotobacter is ammonia. There is, however, no conclusive 
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evidence to support this contention. Burk and Horner (5 p. 121) 
state that— 


the mere occurrence of ammonia in cultures of Azotobacter grown in N2 cannot 
be regarded as critical evidence in favor of a view current that the ammonia 
observed is derived, either wholly or in any part, specifically and directly from No. 
It is true that it is the reduced form of nitrogen which the organisms 
ultimately use to build protoplasm. It must be remembered, how- 
ever, that the first product of nitrogen fixation will depend entirely 
on the catalysts which the organism has at its disposal and not on the 
form of nitrogen from which is built the protein complex of the cells. 

Burk (3) discussed the mechanism of respiration of Azotobacter in 
the light of his data and from the point of view of chain kinetics and 
contact catalysis. He concluded that both oxygen and the glucose 
molecule must be in direct contact with the solid respiration catalyst 
if the reaction is to take place measurably, and that bombardments 
by unadsorbed molecules were ineffective. 

From the fact that the rate of respiration of Azotobacter continues 
to increase with increasing partial pressures of oxygen, as shown by 
the data presented in this paper, it is clear that oxygen up to 1 atmo- 
sphere pressure does not inhibit the rate of its own consumption. 
It is evident from the data presented that the rate of respiration does 
not violate the mass law, as stated by Burk (3, p. 1206). Recalling 
that the rate of respiration is proportional to the partial pressure of 
oxygen, it appears that the reaction proceeds by bombardment and 
that direct contact of the reactants with a solid respiration enzyme 
is not imperative. It is also apparent that respiration is a first order 
reaction with respect to oxygen. 


SUMMARY 


The rate of respiration of Azotobacter during nitrogen fixation was 
studied over the entire range of oxygen pressures. The rate of respi- 
ration was found to be dependent on the partial pressure of oxygen 
provided the carbon dioxide is kept to a low value and the medium 
is kept saturated with oxygen at the partial pressure in question. 
Below 2 percent oxygen while fixing nitrogen Azotobacter respires 
with a respiratory quotient well above unity. At all concentrations 
of oxygen above 2 percent the heat measured was found to be equal 
to that calculated except at 78 percent. Here the heat measured 
was found to be approximately 57 percent of that calculated from 
the carbon dioxide evolved. 

When Azotobacter was assimilating the ammonium ion the rate of 
respiration was found to be proportional to the concentration of 
oxygen from 5 to 80 percent. The heat measured was found to be 
equal, at all concentrations of oxygen above 5 percent, to that cal- 
culated from the carbon dioxide evolved. Below 5 percent intra- 
molecular respiration was found to increase as the partial pressure of 
oxygen was decreased until at 0.1 percent oxygen the respiratory 
quotient reached 3.54. 

The rate of respiration was found to be directly proportional to 
the concentration of oxygen from 10 to 100 percent when Azotobacter 
was allowed to assimilate the nitrate ion for its source of nitrogen. 
Below 10 percent oxygen intramolecular respiration occurred to a 
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considerable extent. The respiratory quotient reached 5.0 at 1 per- 
cent oxygen. 

When the oxygen concentration is suddenly decreased from one- 
twentieth to one two-hundredth of that in air, considerable time is 
required to reduce the partial pressure of oxygen in the culture and 
within the cells to a point where the rate of respiration of the culture 
proceeded at a minimum constant rate. 

Increasing the concentration of oxygen does not decrease the rate 
of its own consumption under the experimenta! conditions to which 
Azotobacter was subjected in these studies. 


The data presented indicate that the first product of nitrogen fixa- 
tion may be a union of nitrogen with oxygen. 
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INHERITANCE OF SEED COLOR IN LACTUCA SATIVA! 


By Ross C, THompson 


Associate horticulturist, Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, Agricultural Research Administration, United States 
Department of Agriculture 


INTRODUCTION 


The mature fruit of lettuce is an achene or naked seed, the color 
of which is determined: by the color of its pericarp. The pigments 
that give the seed its particular color seem to be localized in the 
pericarp tissues.? 

The mode of inheritance of seed color is of immediate practical im- 
portance to those breeding lettuce for disease resistance, climatic 
adaptation, and desirable commercial characteristics. Unlike flowers 
of most other food crops, those of lettuce can be emasculated only 
with extreme difficulty, if at all. In making crosses the breeder must 
remove the maternal parent’s own pollen from the stigmas after the 
anthers have dehisced, but before the pollen tubes have entered the 
stigmatic tissues. As it is generally almost impossible to remove 
every grain of the maternal parent’s pollen, both selfed and hybrid 
seed develop in heads in which pollen removal is attempted. There- 
fore, the breeder must know the mode of inheritance of some easily 
recognizable character by which he can distinguish hybrid from 
selfed plants in the F, generation. Seed color is a character that can 
be used to advantage for this. purpose. 

The cultivated varieties of lettuce (Lactuca sativa L.) may be 
roughly divided into 3 groups on the basis of their achene color. Of 
the 114 varieties of lettuce listed by Tracy * in 1904, 81 were indi- 
cated to have white, 30 black, and 3 yellow seed. Since then the 
trend has been even-more toward the white-seeded varieties, until 
now there are only a few important varieties of the black-seeded type 
and no important varieties in the yellow-seeded group. 

In the white-seeded group, the color is fairly constant except for 
discolorations caused by premature harvesting, dampness, and other 
environmental factors. In the black-seeded group the achenes range 
in color from reddish brown through dark brown to black. These 
different shades probably have a genetic basis; however, the differ- 
ences are not great enough to permit accurate classification in view 
of the minor color variations caused by environmental factors. There 
are also some shade variations among varieties in the yellow group 

Some data have been published by Durst* and Thompson ® on the 
inheritance of factors for black and white seeds, but no report that 
deals with the factors for yellow seed has been found. The data of 
Durst and Thompson agree that black behaves as a monogenic factor 

! Received for publication September 11, 1942. 
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dominant to white. It is the purpose of this paper to show the rela- 
tion of the factors that control the inheritance of the three colors, 
but no effort was made in this study to account for the inheritance of 
the minor color variations within the three large groups. 


MATERIALS AND METHODS 


The data presented were obtained from numerous hybrid popula- 
tions of lettuce stocks being grown at the Bureau of Plant Industry 
Station, Beltsville, Md., for breeding heat-tolerant and disease- 
resistant varieties. The plants were grown either in 10-inch clay 
pots or in 1-foot by 2-foot by 3-inch cypress planting flats in a screened 
greenhouse. The possibility of contamination by insects was kept at 
a minimum by frequent spraying and fumigation. 

The parent stocks had been grown for at least two generations 
previous to the cross from which seed-color records were kept and 
were known to be homozygous for the particular color type. The 
parent stocks used for the black phenotype were from a strain of 
Grand Rapids that has been maintained by the Division of Fruit and 
Vegetable Crops and Diseases for many years. For the white pheno- 
type the variety Chavigne from Vilmorin-Andrieux & Cie., Paris, 
France; Iceberg from the Ferry-Morse Seed Co., San Francisco, 
Calif.; and a hybrid selection from a breeding stock were used. The 
variety Giant Summer from the Ferry-Morse Seed Co. was used for 
the yellow-seeded parent type. 

In all cases the flower heads of the maternal parent were depolli- 
nated with water and dried before the desired pollen was applied by 
brushing the washed stigmas with the pollen-laden styles of flowers 
from the male parent. 


GENETIC RELATIONS OF FACTORS FOR ACHENE COLOR 
WORKING HYPOTHESIS 


The breeding behavior of the three color types indicates that achene 
color in lettuce is inherited in a manner similar to that of the factors 
(CeAa) for coat color in rodents in which an F, generation from a 
cross between a black (CCaa) and an albino (ccAA) consists of 9 
agouti, 3 black, and 4 albino. 

This requires the presence of an independent allelomorphic pair in 
addition to those previously suggested by Durst ® and Thompson’. 
In these two reports the genetic factor for black was represented by 
the symbol WW and the white by the symbol ww. This new pair 
of allelomorphs has been given the symbol Yy. The symbolized 
genotypes and their phenotypic expressions are WWYY, black; 
wwYY, yellow; WWyy, white; and wwyy, white. All four of these 
homozygous genotypes have been isolated, and their genetic constitu- 
tion has been studied. 


CROSS INVOLVING BLACK- AND YELLOW-SEEDED PARENTS 


Grand Rapids * Giant Summer (cross No. 122).—Pollen from flowers 
of the yellow-seeded variety Giant Summer (wwYY) was applied to 
washed stigmas of flowers of the black-seeded variety Grand Rapids 
(WWYY). The cross was made in this way so that it might be pos- 


6 See footnote 4. 
7 See footnote 5. 
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sible to isolate at an early stage the hybrids from the selfed plants in 
the resulting progenies. Such isolation is possible because, as Thomp- 
son has shown,* the spotted anthocyanin leaf type of Giant Summer 
is dominant to the absence of pigment in the leaves of Grand Rapids. 
. A population of 93 F, plants was grown, with a ratio of 73 black- 
seeded to 20 yellow-seeded resulting. This is a satisfactory fit to a 
3 to 1 ratio. 

F; progenies were grown from both black- and yellow-seeded F; 
plants. Progenies from the F; yellow-seeded plants were all yellow- 
seeded. In the progenies from the black-seeded F; plants there were 
some families that were all black-seeded and other families with 
black- and yellow-seeded plants in the ratio of approximately 3 
black-seeded to 1 yellow-seeded. The results from the F, and F; 
generations are given in tables 1 and 2, respectively. 


TABLE 1.—Records for F2 progenies from selfed F, plants from crosses involving 
black-, yellow-, and white-seeded varieties of lettuce 




















alee F» progenies | 
Phenotypes | Parental, varieties | | Fs eed cid igs 
and cross cabbies plants | color nate x 
pores Black | Yellow | White | Total | ™ 
Black-seeded X 
yellow-seeded: Number Number| Number| Number| Number 
NO. 193... Grand Rapids 17 | Black-_- 73 20 0 93 3:1 |10. 5198 
(WWYY) X 
Giant Summer 
(wwYY). 
Black-seeded X 
white-seeded: 
Be. 8c. Grand Rapids ae” ee 89 0 19 108 3:1 | 4.0000 


(WWYY) &X Ice- 
berg (WWyy). 
No. 396_.._- Grand Rapids i ee: "ae 88 42 52 182 | 9:3:4 |?4. 5866 
(WWYY) xX hy- 
brid (wwyy). 
White-seeded X 


























yellow-seeded: a 
Ss ae Chavigne (WWyy) 42 |._..do_.. 96 36 46 178 | 9:3:4 | .4549 
xX Giant Sum- 
mer (wwYY). 
No. 48. ..<.. Hybrid (wwyy) X 28 | Yellow. 0 42 | 13 55 3:1 | .0958 
Giant Summer 
(wwYY). 


1 y? for 1 degree of freedom (3:1 ratio) at 1-percent level, 6.635; at 5-percent level, 3.841. 
2 x? for 2 degrees of freedom (9:3:4 ratio) at 1-percent level, 9. 210; at 5-percent level, 5. 991. 











CROSSES INVOLVING BLACK- AND WHITE-SEEDED PARENTS 


Grand Rapids < Iceberg (cross No. 12).—The white-seeded variety 
Iceberg (WWyy) was used as the pollen parent in a cross with the 
black-seeded Grand Rapids (WWYY). All the 27 F, plants grown 
to maturity produced black seed. The F; progenies segregated in 
the ratio of approximately 3 black- to 1 white-seeded. In the F; 
generation all the white-seeded F, plants gave families that produced 
only white seed. The black-seeded F, plants gave some families 
that were all black-seeded and other families that were black- and 
white-seeded in the ratio of approximately 3 black to 1 white. The 
F;, and F; data are given in tables 1 and 2, respectively. 

Grand Rapids x white-seeded hybrid (cross No. 396).—The white- 
seeded parent (wwyy) used in this cross was isolated from an F; 


8 See footnote 5. 
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TaBLE 2.—Records for F3 progenies from selfed F, plants from crosses involving 
black-, yellow-, and white-seeded varieties of lettuce 









































7S Sn Parental varieties Fy F, Fs progenies | As- | 
bee —— and assumed fami- | seed |——-— THA eaeely Re jsumed| x? 
genotypes lies color Black | Yellow | White | Total | ratlo 
} | 
Black-seeded X \Ni umber Number\|Number| Number| Number 
yellow-seeded: | Grand Rapids 6 | Black _- 49 0 | 0 TE eae: (i ee 
No. 122. ._. (WWYY)xGiant Le ee: (ee 62 15 | 0 77 3:1 [11,1409 
Summer (wwYY) 3 | Yellow 0 31 | 0 | Be Ficncieeboceeuss 
Black-seeded X | 
white-seeded: | 
Grand Rapids 9 | Black 51 0 | 0 | DCRR eee 
No. 12_. (WWYY) xX Ice- 15 do__ 75 0 | 20 | 95 | 33h 7895 
berg (WWyy). 4 | White _| 0 0 | 44 | iy panties.) tai nans 
9 | Black. 87 0 | 0 | i ERE, CSE Re 
10 |_..do._ 71 28 0 99 3:1 . 5690 
Grand Rapids 15 |_..do lil 0 30 | 141 8:1 | 1.0425 
No. 396 (WWYY X hy- 37 |... do 197 71 96 364 | 9:3:4 | 2.6788 
brid (wwyy). 17 | Yellow 0 127 36 163 3:1 7383 
6-1...m0..- 0 47 0 | Lf eee, SE eee 
27 | White - 0 0 259 | fe ee ee es 
White-seeded < 
yellow-seeded : | 
6 | Black_. 56 0 0 | Re eo a 
| 18 |__-do__- 126 47 0 | 173 3:1 4952 
| Chavigne (WWyy) Oe ee ae 98 0 29 | 127 3:1 | .3760 
No. 21..-- xX Giant Sum- a | 151 50 80 | 281 | 9:3:4 | 2.0405 
mer (wwYY). 11 | Yellow 0 91 17 | 108 3:1 | 4.9382 
= 0 77 0 | 77 eed 
35 | White. 0 0 341 | 341 = 
Hybrid (wwyy) X 3 | Yellow 0 29 0} 29 ‘ 
No. 40__....|. Giant Summer 3 }. 00... 0 70 17 | 87 3:1 | 1.5209 
(wwYY). 5 | White__ 0 0 35 | 35}... sie 
| 
1 x? for 1 degree of freedom (3:1 ratio) at 1-percent level, 6.635; at 5-percent level, 3.841. 
2 x? for 2 degrees of freedom (9:3:4 ratio) at 1-percent level, 9.210; at 5-percent level, 5.991. 
population of the cross No. 21 between the white-seeded Chavigne 


and the yellow-seeded Giant Summer. As indicated in the dis- 
cussion of cross No. 21, one-fourth of the F, plants produced 
white seed. According to the hypothesis, one-fourth of these F, 
white-seeded plants should be of the double-recessive (wwyy) geno- 
type. Seven of these F, white-seeded segregates were tested by 
backcrossing to the yellow-seeded Giant Summer, and one of these 
was found to be of the double-recessive genotype, as indicated by an 
all yellow-seeded F, generation and an F, generation that gave 3 
yellow-seeded to 1 white-seeded. This double recessive was then 
crossed with Grand Rapids (WWYY). The F, plants of this cross 
were black-seeded, and the F, segregated approximately 9 black- 
seeded, 3 yellow-seeded, and 4 white-seeded. 

The F; progenies from the white-seeded F; plants were all white- 
seeded. Some progenies from the black-seeded F, plants produced 
only the black-seeded type; some produced 3 black-seeded to 1 
yellow-seeded; some 9 black-seeded, 3 yellow-seeded, and 4 white- 
seeded; and some 3 black-seeded to 1 white-seeded. Some progenies 
of yellow-seeded F; plants produced all yellow-seeded F; and others 
3 yellow-seeded to 1 white-seeded. The F; and F; data are given in 
tables 1 and 2, respectively. 


CROSSES INVOLVING YELLOW- AND WHITE-SEEDED PARENTS 


Chavigne X Giant Summer (cross No. 21).—The yellow-seeded 
variety Giant Summer (wwYY) was used as the pollen parent in a 
cross with the white-seeded variety Chavigne (WWyy). The F, 
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hybrid plants all produced black seed. The F; population segregated 
9 black-seeded, 3 yellow-seeded, and 4 white-seeded. The F; prog- 
enies from white-seeded F, plants gave only white seed. The F; 
progenies from yellow-seeded F, plants gave some families that were 
all yellow-seeded and other families that segregated with a moder- 
ately significant departure from 3 yellow- to 1 white-seeded. F; 
progenies from black-seeded F; plants were all black-seeded, 3 black- 
seeded to 1 yellow-seeded, 3 black-seeded to 1 white-seeded, or 9 
black-seeded to 3 yellow-seeded to 4 white-seeded. The F, and F; 
data are presented in tables 1 and 2, respectively. 

White-seeded hybrid « Giant Summer (cross No. 40).—The yellow- 
seeded Giant Summer (wwYY) was used as the pollen parent in a 
backcross to the white-seeded F; selection (wwyy) from Chavigne 
Giant Summer. The F, backcrossed plants all produced yellow seed, 
and the F, population from these segregated 3 yellow- to 1 white- 
seeded. The F; progenies from the white-seeded F, plants were all 
white-seeded. From the F, yellow-seeded plants some families that 
were all yellow-seeded and other families that segregated 3 yellow- 
seeded to 1 white-seeded were obtained. F, and F; data are presented 
in tables 1 and 2, respectively. 


DISCUSSION 


The 3 to 1 ratio of black to white seed in the F; generation, as sug- 
gested by Durst * and by Thompson,” holds only in the case of the 
white-seeded phenotype having the wwYY constitution. With the 
double-recessive white-seeded (wwyy) the F; from a cross with a black- 
seeded variety gives the ratio of 9 black-seeded, 3 yellow-seeded, to 
4 white-seeded. 

Many varieties of lettuce of the cultivated form (Lactuca sativa) 
have come under the writer’s observation in the lettuce-breeding pro- 
gram of the United States Department of Agriculture, and breeding 
data on seed color have been recorded on many of these. None of the 
white-seeded varieties on which breeding behavior records are available 
are of the double-recessive (wwyy) type. This type must be very rare 
among fixed varieties. 


SUMMARY 


Data from the F, generation and from F; and F; progenies of crosses 
involving the three seed-color types in lettuce—black, yellow, and 
white—are presented. 

The data have been analyzed for an explanation of the inheritance 
of the factors that control pericarp color in lettuce seed. The analysis 
indicates that the expression of black, yellow, and white seed color in 
cultivated lettuce (Lactuca sativa) is controlled by two pairs of allelo- 
morphs, which have been assigned the symbols Wwand Yy. The inheri- 
tance is similar to that of the factors (CcAa) for coat color in rodents 
in which the F, from a cross between black and albino parents gives 
9 agouti, 3 black, and 4 albino. In the present case the F, progenies 
from a cross between a white-seeded (WWyy) and the yellow-seeded 
(wwYY) segregated 9 black-seeded, 3 yellow-seeded, and 4 white- 





* See footnote 4. 
10 See footnote 5. 
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seeded. This gives one true-breeding black genotype (WWYY), one 
true-breeding yellow genotype (wwY Y), and two true-breeding white 
genotypes (WWyy) and (wwyy). 

The double-recessive white-seeded genotype (wwyy) is rare, if 
present at all, among commercial varieties of lettuce. A homozygous 
line of this genotype was obtained only by the use of testers on the 
white-seeded segregates from a yellow-seeded by a white-seeded cross 
in which the white-seeded was of the WWyy genotype. 

















INHERITANCE OF OIL GLANDS IN PIMA COTTON ! 


By R. H. PEEsuss, associate agronomist, and E. Gorpon Samira, formerly assistant 
scientific aide, Division of Cotton and Other Fiber Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture 


INTRODUCTION 


Small spherical oil glands occur in cotton, on the herbage, flowers, 
and bolls, usually more or less embedded in the surrounding tissue. 
Such glands are apparently universal in the genus Gossypium L., 
according to Watt * and other authors. Some data pertaining to the 
inheritance of oil glands in Pima cotton, an agronomic variety of G. 
barbadense ‘L., are presented in the following account. Although 
taxonomists have utilized differences in characteristics of oil glands, 
the writers are not aware of any previous genetic study of these bodies 
in the genus Gossypium. 

Smith * applied the designation ‘‘P Hope” to a family of Pima 
cotton that is characterized by smooth bolls. Smith found that 
“pitted”? and “smooth” are inherited in monohybrid fashion, and for 
these characters proposed the symbols B? and B*, respectively. Family 
P Hope also has three other distinguishing characters, tons delayed 
development of oil glands on the young bolls, smaller and more deeply 
embedded glands on the stem, and smaller glands on the calyx. The 
characters that distinguish P Hope from ordinary Pima cotton are 
described in the following section. 


DESCRIPTION OF CHARACTERS 
DEVELOPMENT OF BOLL GLANDS 


In family P Hope, the oil glands are wanting, or at least not dis- 
cernible, until the third day after anthesis. The character is termed 
‘date.’ In PH8 and other families of the Pima variety that have 
pitted bolls, the normal condition in Gossypium barbadense,‘ the boll 
glands are “‘early,’’ that is, conspicuously evident on the day following 
anthesis. In fact, pigmented oil glands occur on the ovary of PH8 
flower buds. The aspect of bolls of P Hope, PH8, and PH8 « P 
Hope F,, on the first day after anthesis, is illustrated in figure 1. 


STEM GLANDS dead 


Oil glands on the stem, or main axis, of P Hope differ in size from 
corresponding glands of family PH8. Although stem glands are 
actually as numerous in P Hope as in PH8 (table 1), the glands are 
deeply embedded and consequently less conspicuous. 


1 Received for publication November 13, 1942. 
2 Watt, SIR GEORGE. THE WILD AND CULTIVATED COTTON PLANTS OF THE WORLD. 406 pp., illus. London. 


907. 
3 SMITH, E.G. INHERITANCE OF SMOOTH AND PITTED BOLLS IN ?IMA COTTON. Jour. Agr. Res. 64: 101-103, 
illus. 1942. 

4 Early development of the boll glands is apparently the rule also in upland cotton (Gossypium hirsutum 
L.), in which the bolls are not pitted. Glandless bolls sometimes occur in Hopi cotton (G. hopi Lewton) 


and in some segregates of crosses involving Hopi cotton, but in these cases the glandless condition persists 
through maturity of the bolls. 
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Figure 1.—Aspect of bolls on the first day after anthesis. ‘he glands are 
numerous and conspicuous in (A) family PH8, comparatively sparse in (B) 
PH8 xX P Hope F;, and wanting, or at least not discernible, in (C) family P 
Hope. 1.4. 


CALYX GLANDS 


The calyx glands of family P Hope, like the stem glands, are 
smaller than the corresponding glands of family PH8. The difference 
in size, although not large, is sufficient to make feasible the classifi- 
cation of nearly all plants in segregating populations. The relative 
size of the oil glands in PH8, P Hope, and PH8 x P Hope F, is 
observable in the calyxes shown in figure 1. Calyx glands are also 
illustrated, at greater magnification, in figure 2. 

Calyx and stem glands are classified as of large, intermediate, or 
small size. 

BOLL SURFACE 


Pitted boll surface is the condition found in normal Pima cotton. 
The surface is dotted with conspicuous pits, and many of the oil 
glands are large and shallowly embedded. In family P Hope, the 
bolls may be described as “smooth,” the surface being obscurely 
pitted and the oil glands small and deeply embedded (fig. 2). 

As Harland ® (pp. 117-118) points out, in the Peruvian group of 
cottons, to which the Pima variety belongs, the oil glands are near 
the surface, and around some of them the surface is depressed in 
small craterlike pits. Pits do not occur when the glands are deeply 
embedded, as in the Pima family P Hope and in upland cotton 
(Gossypium hirsutum L.). Therefore, it can be seen that a very 
close relation exists between the pitting of the boll surface and the 
depth at which the oil glands are embedded in the tissue. 


S HARLAND, S.C, TRE GENETICS OF COTTON. 193 pp., illus. London. 1939. 
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Figure 2.—Oil glands of bolls, stems, and calyxes in Pima cotton. Boll glands 
in (A) family PH8, (B) PH8 < P Hope F;, and (C) family P Hope; stem glands 
in (D) PH8, (Z) PH8 X P Hope F,;, and (F) P Hope; calyx glands in (G) PH8, 
(H) PH8 X P Hope F,, and (J) P Hope. X11. 


TABLE 1.—Classification of populations grown in 1941 in respect to character o 
boll surface and the mean number of oil glands in an area of 25 sq. mm. on the 
bolls and stems 





| | Number of oil glands per unit area 





Mean | ard error 
| of mean 


Classification r 4 “ms 
: ; 2 p in respect Num- On bolls | On stems 
Population designation to I Aa ee | Ses a 
x 41 | Plants | 
boll surface! | Stand- | Stand- 
| 
| 


| | Mean | ard error | 
of mean 











, SMa ae! || TNE Sed 13 25.1 | 0.67 | 33. 4 » 
P Hor ye di pininnh cad os ane IG none ab see 18 22.3 | 1.06 | 35.8 | 1. 63 
PH8 x Pine Bi. eee Intermediate_- 17 46. 4 1. 23 35.9 | 1. 50 
PHS: xX :P ee: vias Gos Soe 2 ace ie ‘ 10 31.2 | 1. 62 40.8 | 1. 34 
2 0 fof el TE OPES OE ERS | Intermediate..____| 20 43.3 1.19 | 34.7 | 1. 49 

2p yO Sea | 6] 20.2 | 2.14] 34.3 | 3.25 

(PHS x Pp Hope F) x PH8 Fi.- eae (| eS 20 28.7 . 78 | 39.4 | 1. 54 
De Intermediate____. 21 45.9 | 1.23 37.0 1.72 
(PHS x P Hope Fi) X ?P P Hope I F,__| Smooth......... | “6| a7] o@n| 375 3.55 
Dos... 3 1.84] 38.6 | 1.90 


aad Intermediate. ---_- | 14] 48. 





1 The three oil il gland aia rs mentioned in the text do not segregate selina ntly of boll surface. 
Therefore, in this column pitted boll surface and smooth boll surface also denote, respectively, early and 
late development of boll glands, large and small stem glands, and large and small calyx glands. Indi- 
viduals intermediate for boll surface are also intermediate for the other characters. 


In the characters described above, the F, is intermediate between 
the two parental types. This statement does not apply, however, 
to the number of boll glands, which will be discussed later 


METHODS 


All individuals in the several populations were classified inde- 
pendently for each character. Repeated observations on the stem 
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and calyx glands, particularly the latter, were required in order to 
ascertain the true classification of the plants. 

Boll glands were counted in an area of 25 sq. mm. located in the 
center of a valve. Stem glands were counted in an area of the same 
size located in the middle of the seventh internode below the apex 
of the main stem. On each plant five boll counts and five stem 
counts were made, and as many calyx counts as possible, depending 
on the number of flowers available. Calyx glands were counted in 
a strip 5 mm. wide, extending from the upper edge of the inner 
nectary to the rim of the calyx, an area that averaged 41 sq.mm. The 
use of a low-power dissecting microscope and transmitted light 
brought to view deeply embedded glands that ordinarily are not 
visible. In the case of the bolls, the thickness of the wall neces- 
sitated removal of some of the soft inner tissue in order to allow 
passage of sufficient light to illuminate deeply embedded glands. 


RESULTS 


In 1940, in an F, population of 53 individuals that segregated in a 
1:2:1 ratio in respect to pitted, intermediate, and smooth boll 
surface (Smith, table 1),° it was observed that the three gland char- 
acters mentioned above did not segregate independently of boll 
surface. The material grown in 1941 enabled the writers to make 
further observations on the relation of the oil gland characters to 
the character of the boll surface. 

No clear case of dissociation appeared in any of the 97 individuals 
grown in the F, and backcross populations in 1941. Owing to poor 
development, 4 plants could not be classified satisfactorily in respect 
to stem glands. More difficulty, possibly resulting from the presence 
of modifying factors, was encountered in classifying calyx glands, and 
at the end of the season 11 plants still remained in doubtful status. 
However, in no instance was a plant classified with certainty as 
having any combination of the 4 characters other than those that 
exist in one or the other parent family or in F,;. Therefore, in the 
absence of positive evidence to the contrary, the 97 individuals in F, 
and backcross populations were classified (table 1) as follows: In 55 
plants the 4 characters were intermediate, in 30 plants the characters 
were associated as in family PH8, and in 12 plants as in family P Hope. 

A phenomenal increase in number of boll glands occurs in F, and in 
heterozygous plants in other populations. The mean number of oil 
glands per unit area in F, is 46.4, or approximately the sum of the 
means of PH8 and P Hope (table 1). Somewhat similar results were 
obtained in 1940, the counts having been 47.0 for plants with inter- 
mediate boll surface, 27.5 for plants with pitted bolls, and 26.3 for 
smooth-boll individuals. The relatively large number of boll glands 
in the F, is clearly shown in figure 2 (B, as compared with A and C). 

The range in number of boll glands per unit area, for each class of 
all the 1941 populations combined as one array, is as follows: 14 to 29 
for plants with smooth bolls, 34 to 58 for heterozygous plants with 
intermediate bolls, and 23 to 39 for those of the pitted-boll class. 
The mean number of boll glands in family PH8 exceeds the mean in 
family P Hope by 2.8 glands (table 1). This difference is only 2.2 
times its standard error. However, in view of the ranges in boll 


® See footnote 3, p. 447. 
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gland number noted above, the chances are that the smaller number 
of glands observed in plants having smooth bolls is inherent rather 
than fortuitous. 

The great increase in boll gland number in the heterozygotes is an 
unusual manifestation of heterozygosity, especially in view of the fact 
that heterosis is not otherwise apparent in this cross between families 
that are similar in all but the gland characters. The large number of 
glands in heterozygous individuals may be explained by assuming 
that the genes B? and B* are complementary in respect to number 
of boll glands, either gene alone giving rise to only half the number of 
glands that appear when the two genes are brought together.’ 

The mean number of calyx glands per unit area was found to be 
99.9+ 2.30 in family PH8, 99.0+ 1.65 in family P Hope, and 96.8 + 1.54 
in PH8XP Hope F;. Since these populations differed so slightly in 
regard to number of calyx glands, counts were not made jn other 
populations. 

The mean number of stem glands per unit area is given, for each 
population, in table 1. This character seems unimportant, consider- 
ing the very small difference (2.4+2.67) between the means of the 
paseag —— and the almost identical means in P Hope and PH8P 

ope F;. 

The ratios obtained by Smith (table 1)* clearly indicate monohybrid 
inheritance of smooth and pitted boll surface. The ratios obtained 
in 1941 are disturbed, but not too seriously, by deficiency of smooth- 
boll individuals. The values of x? and P given in table 2 are computed 
from data in table 1. The probability values do not indicate signifi- 
cant departure from the calculated monohybrid ratios. 


CONCLUSIONS 


The unbroken association of the characters (boll surface, develop- 
ment of the boll glands, size of the stem glands, and size of the calyx 
glands) that occur only in the combinations existing in the parent 
families and in F,, is either an instance of complete linkage or, more 


probably, a case in which a single gene conditions several phenotypic 
characters. 


T ABLE 2.— Values of x? and P, computed from data in table 1, for the F, and backcross 
populations grown in 1941 











Population designation x2 Pi 
er a ne I ee ok elena CN cals mbes domes omens ea 1.33 0.5 
(PH8 X P aia By oie ie ae ae es cet EU van cvakncuice Teasoes semis cee 02 9 
CSS PC ROOD Fa) Pe MAO ho onc k eae soe wane a SoU npanadccnwacensebnanntedens 3. 20 sy | 





1 The probability (P) values do not indicate significant deviation from calculated monohybrid ratios. 


Indisputable evidence of linkage in the genus Gossypium appears to 
be scanty. Harland (p. 159)® recognizes only three clear cases. 
Since Harland wrote, McMichael ” has reported complete association 


7 Acknowledgement is made to J. H. Kempton, formerly of the Division of Cereal Crops and Diseases. 
Bureau of Plant wow for having suggested this explanation. 

8 See footnote 3, p. 447. 

* See footnote 5, p. 448. 

10 McMICcHAEL, . C, OCCURRENCE OF THE DWARF-RED CHARACTER IN UPLAND COTTON. Jour. Agr. Res, 
64: 477-481. 1942. 
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of dwarfness and red plant color in Acala cotton, an agronomic variety 
of G. hirsutum. McMichael mentions the possibility of linkage, but 
nevertheless concludes his account with the following statement: 
“Tndications are that dwarf-red is controlled by a single factor.’ 

In view of the few well-established instances of linkage in cotton, 
the probability is that the characters involved in the present study 
are merely different manifestations of a single pair of genes. This 
conclusion is strengthened by the fact that all of the characters 
(indirectly, in the case of boll surface) pertain to oil glands. 


SUMMARY 


Smooth boll surface and three previously undescribed oil gland 
characters, namely, delayed development of the boll glands, small and 
deeply embedded stem glands, and small calyx glands, characterize 
a family of Pima cotton (Gossypium barbadense Iu.) known as P Hope. 
The contrasting characters, namely, pitted boll surface, early develop- 
ment of the boll glands, large and shallowly embedded stem glands, 
and large calyx ends, are found in PH8, a representative family of 
normal Pima cotton. 

Observations made in segregating populations of the cross PH8 < 
P Hope strongly indicate that the characters mentioned above do not 
segregate independently but, on the contrary, occur only in the 
combinations existing in the parent families and in F,. This associ- 
ation of the characters is tentatively accounted for as an instance of 
— expression of a single pair of genes rather than as complete 
inkage. 

Ratios obtained in F, and backcross populations agree fairly well 
with expectations based on the assumption of a single-factor difference. 
Monohybrid inheritance previously had been found to be the mode of 
inheritance of pitted boll surface and smooth boll surface, for which the 
symbols are respectively B? and B*. All the above-mentioned 
characters are intermediate in F;. 

A remarkable increase in number of boll glands occurs in F,, also 
in the heterozygous class in F, and backcross populations. The mean 
number of boll glands in F, nearly equals the sum of the means that 
obtain in family PH8 and family P Hope. This is a noteworthy 
manifestation of heterozygosity, which may be explained by assuming 
that the genes B? and B* are complementary in respect to number of 
boll glands, either gene alone giving rise to only half the number of 
glands that appear when the two genes are brought together in the 
heterozygote. 


U.S. GOVERNMENT PRINTING OFFICE: 1943 


Te Riehl PANINI TE RSM hee 2 


Re er Pea ns 


En hd ORNS aaa OPERA rade Seiten Cuts thi ae 





<2 

















INDEX 


Acorns, protein content, study 
Agrostis— 
alba, composition and palatability, ex- 
riments 
eapillaris, composition and palatability, 
experiments 
Ambrosia— 
nee. fungi associated with. Arthur F. 


fungi— 
associated with— 
Plotypus compositus 
Pierocyclon fasciatum 
Pterocyclion mali 





135, 136, 137-139 
135, 136, 137, 142-143 
135, 136, 137, 142-143 

Xyleborus affinis 135, 136, 130-141 
Xyleborus pecanis 135, 136, 141-142 
isolation from ambrosia beetles, cultural 


See also Cephalosporium luteum sp. nov.; 
Cephalosporium pallidum sp. nov.; 
Endomyces bispora sp. nov.; and 
Monilia brunnea sp. nov. 

Ammonium ion, effect upon repiration rate 
of Azotobacter, studies _- asic, ae 
Anthoranthum ‘odoratum, ‘composition and 

palatability, experiments : 
Aonidiellaaurantii, See Scale, California red. 
Apple- 
voice, injury caused by metal wees 
dithiocarbamates, tests 
fruits— 
mature, surface-area prediction, approxi- 
mate, estimation methods... 357-370, 371-373 
surface-area determinations from surface 
of ellipsoid __ ----------- 359-361 
surface-area predictions from— 
diameter measurement 
longitudinal section 
teanaverse cross section - -- 


29-431, 438 
342-347 


scab, muted by metal dialkyl dithio- 
carbamates, field tests 
ARCHIBALD, J. G., BENNETT, E., 
RitcwigE, W. 8.: The Composition and 
Palatability of Some Common Grasses... 341-347 
AscHaM, LEAH, REDER, RuTH, and EHEART, 
Mary S.: Effect of Fertilizer and En- 
vironment on the Ascorbic Acid Content 
oi Turnip Greens 
Ascorbic acid— 
content of— 
snap beans— 
effect of storage 
plant parts, study _. 
relation to maturity 
strains. $ L. Wade and Margaret S. ‘ 
‘¢ 1 


turnip gees, effect of fertilizer and 
environment. Ruth Reder, 
Ascham, and Mary S. Eheart 
Azotobacter— 
assimilation, energy involved, relation to 
respiration— 
apparatus for studying. J. M. Fife 
rate as affected by different oxygen con- 
centrations. J. M. Fife 
nitrogen fixation, energy involved, relation 
to repiration— 
apparatus for studying. J. M. Fife 
Tate as affec y different oxygen 
concentrations. J. M. Fife 421 





Azotobacter—Continued, 
respiration in— 
culture— 
calculation of data 
calibration results 
calorimeter for 
calorimeter operation. __- 
calorimeter results 
carbon dioxide analysis 
experimental methods for studying... 231-237 
Sensitivity of apparatus--_--.......... 240-243 
relation to energy involved in nitrogen 
fixation and assimilation, apparatus 
for studying. J. M. Fif 
respiratory— 
quotient, change with decreasing partial 
pressures of oxygen during nitrogen 
— and assimilation, studies 
rate— 
at different partial pressures of oxygen 
during ammonium ion assimilation, 
i 29-431, 438-439 
at different partial pressures of oxygen 
during nitrogen fixation, studies_... 421-429, 
434-439 
effect of different oxygen concentra- 
tions in relation to energy involved 
in nitrogen fixation and assimila- 
om. FR Pie ee ae 
effect on heat release in different oxy- 
gen concentrations during nitrogen 
fixation and assimilation 
spp., cultures, preparation for respiration 
studies 


421-440 


434-439 
236-237 


Barley— 
caryopsis, length increase, effect of iP 


embryo, growth, effect of tenperature 
Goldfoil— 
X Nepal, mildew resistance, linkage-_..- 
factor for resistance to mildew, linkage 
relations. Fred N. Briggs and Ernest 
H. Stanford 
Manchuria— 
ovule— 
growth, effect of temperature, experi- 
ments 390-391, 396-401 
thermal death point and sterility 0 
pollination and fertilization, effect of 
temperature, experiments 
391-395, 400, 401 


nuclei in embryo and endosperm, number 
increase, effect of temperature 391-395 
ovule— 
fertilization, temperature factor. Mer- 
ritt N. Po 


pe 389-402 
any , temperature factor. Merritt N. 


389-402 
391, 400 


pollen ak growth, effect of temperature. 
resistence to mildew, linkage relations of 
Goldfoil factor. Fred N. Briggs and 
Ernest H. Stanford 
stem colors, linkage 
BaRRRK, E. R., VEsTAL, C. M., 
Snrewssury, C. L.: The Nutritive 
Value of Certain Fish Meals as Deter- 
mined in Tests With Swine and Rats---. 
BaTEN, WILLIAM DOWELL, and MARSHALL, 
Roy E.: Some Methods for Approximate 
Prediction of Surface Area of Fruits 
BEACHELL, H. M.: Effect of Photoperiod on 
Rice Varieties Grown in the Field 


1-5 
3-5 


125-134 


357-373 








2 


INDEX 
Page Page 
Bean— ; Calcium— 
foliage, injury caused by metal dialkyl carbonate and increased iron, effect on 
dithiocarbamates, tests-----....------.- yield of millet in quartz sand- s 55 
P plants, ascorbic acid content, relation to effect on ascorbic acid content of ‘turnip 
soil manganese, study------...---.-- 314, 319, 320 greens, experiments__ _ 875-385 
Beans, snap— 


ascorbic acid content— 





effects of storage, correlations _-_-_____- . 315, 319 
in plant parts, study_.._.--_.-..... 316, 319-321 
relation to stage of maturity ___._...___- 315-319 


maturity, relation to ascorbic acid content_ 315-319 
strains, ascorbic acid content. B. L. Wade 


and Margaret S. Kanapaux-.-__-.-_--_- 313-324 
varietal -difference in relation to ascorbic 
REST Sie SPs 316, 320-321 
Beef, juiciness after cooking, mechanical de- 
NIN nec cud edaaubdpebinade 406-411 
Beet, garden— 
ron— 
deficiency— 
J. C. Walker, James P. Jolivette, and 
Jorn Gi. DICIOAD. 24 o-n penne --u0- 97-123 
effect on histology. James P. Jolivette 
Bais WENN ck snc ct ee cétecut 167-182 


symptoms, greenhouse studies.______- 98-108 

deficient, pathological histology. 169-175, 178-179 
canning quality, effect of borax applica- 
a ee a asia tis 

floral axis, effect of boron deficiency... 174-175, 1 
internal black spot, relation to boron de- 


\ ~ uma experiments............. 97, 98, 106-121 
ea — 
lamina, development, effect of boron de- 
St yi hoki a suks indus ace 173-174 
petiole development, effect of boron de- 
NS DE ee ae ae 172-173, 179 
root and hy pocotyl, effect of boron defici- 
ency..... ee a aS Tt 


See also Sugar beet. 

Beetles. See under host and individual 
names. 

BENNETT,‘ E., ARCHTRALD, J. G., and 
Ritcniz, W. S.: The Composition and 
Palatability of Some Common Grasses_... 341-347 

Bent, Rhode Island, composition and palat- 
ability, experiments. -_..-..........------ 342-347 

Beta spp. See Beet, garden; Sugar bect. 

Bismuth salicylate, toxicity to spores of 
Peronospora tabacina, OMA, ss casos 271-272 

Black spot, internal, of garden beets, rela- 
tion to boron-deficiency, studies_... 97, 98, 106-121 

Blue mold of tobacco. See Tobacco blue 
mold. 

Bluegrass, Kentucky, composition and palat- 
ability, experiments. -...........---------- 342-347 

Borax— 
application to beets, effect nese 

canning quality - citation De 

disease resistance, experiments... space 98, 
107-117, 119-120 
Boron deficiency in— 

ets— 


relation to susceptibility to disease_-..... 106-120 
symptoms 169-175, 179 
cabbage, symptoms-............-.-.------ 175-179 





garden — 
and cabbage, effects on_ histology. 
James P. ie te and J. C. Walker_. 167-182 
and sugar beet. J.C. Walker, James P. 
Jolivette, and John ‘G. McLean..:.... 97-128 
Brassica rapa. See Turnip. 
Brices, Frep N., and STANFORD, ERNEST 
H.: Linkage Relations of the Goldfoil 


Factor for Resistance to Mildew in Barley- 1-5 
Broomcorn, development, effect of kernel 
smuts, experiments._........--.-- 147-150, 152-159 
e 
Cabbage— 


histology, effect of boron deficiency. 

James P. Jolivette and J. C. Walker_... 167-182 
leaf, effect of boron-deficiency--.-_-._. 176-177, 179 
old, symptoms of boron-deficiency .._.. 177-178, 179 
seedlin fs: boron-deficient, pathological 

histo aS eenseen- Seer ge oy 175-179 
young, root ypocotyl an m dis- 

organization, effects of boron defi- 





Salts, effect on maize ‘seedlings ‘grown “in 
dark, experiments - ..-. 184-187, 213-225 
California red scale. See Scale, California 
red. 
Calorimeter— 
construction for measuring metabolic 
activity of Azotobacter SPP -~ 2-32. 2... 2-283 
operation and sensitivity in respiration. - 239-243 
use in study of Azotobacter spp., results... 244-246 
Cephalosporium— 
luteum sp. nov.— 
technical description.................... 141-142 
See also Ambrosia fungi. 
a < onal a 
technical description.....-.............- 1 
See also Ambrosia fungi. =e 
Ceratostomella ulmi— 
cause of Dutch elm disease _ 77 


dissemination and infestation of elm trees .__ 77 
isolation from insects attracted to felled elm 
trees. T. H. Jones and C. 8S. Moses_-.. 77-85 
See also Dutch elm disease. 
Cherry leaf spot, control by metal dialkyl 
dithiocarbamates, field tests_......__....- 
Chromosomes, study in Lactuca. 
CLARK, NANCY GRISWOLD, TANNOR, BER- 
NARD, and Hankins, O. G.: Mechanical 
Determination of the Juiciness of Meat. 403-412 
Crayton, E. E., Smitu, T. E., SHaw, K. J., 
GAINES, J. Ga. , GRAHAM, . W., and YEA- 
GER, C. C., TR.: Fungicidal Tests on Blue 
Mold (Peronospora tabacina) of Tobacco.. 261-276 
Clover— 
Ladino, composition and Pe Ae 
iments__- 42-347 
white Dutch, composition and ‘palatability. 
experiments _ - 342-347 
Color, seed, inheritance in Lactuca sativa. 
moms ©). "Teomneen «seo est 441-452 
Colors, barley stems, linkage. _.............-- 
ConrRAD, Cart M. , and NEELY, J. WINSTON: 
Heritable Relation of Wax Content and 
Green Pigmentation of Lint in Upland 
ein, EO RET MEE MISE AIP 307-312 
Copper— 
compounds, fungicidal value against blue 
mold of tobacco, tests.........._...-.--- 
dialkyl] dithiocarbamates, properties, fungi- 
f — and phytocidal, experiments 
oil— 
mixtures, emulsifiers for, efficacy against 
blue mold of tobacco, tests_......._-.- 
sprays, fungicidal value against blue mold 
of tobacco, tests. ........2...- baduiene 264-267 
Corn— 
borers, European— 
age at time of differentiation in survival.. 11-13 
larval survival, effect of stage of corn plant 
development and presence of tassels-... 7-11 
location in corn plants... .......-.------ 15-18 
survival, weight, and location when feeding 
on resistant and susceptible field corn. 





WER oncocis wkd ceceline ees adele 7-19 
y weights at different ages, comparison _..-. 13-15 
ent— 
inbred lines, stalk rot, studies-.-_....-.--- 21-39 
seedlings grown in dark, effect of pms 
Dae ey Reiegee aes PY opem na ee 
field— 
plant, developmental stage, effect on sur- 
vival of borer larvae _-_....-...--.--.---- 7-11 


resistant and susceptible, European corn 
borers feeding on, survival, weight, 
and location. L. H. Patch 
pythium stalk rot— 
Charlotte Elliott. .............-....------ 
causal organism— 
REED Se oa, kn Lic Clea sears debe 
pathogenicity studies. 
control 
FORE SEE SELES CS 5a EN 1-25 
tassel, presence, effect on survival of borers- ii, 19 
See also Maize. 




















Page 
21-39 


Cornstalk, pythium rot infection 
Cotton— 
Arkansas, ‘Green Lint X Half and Half, 
inheritance studies_-__-_. 296-300, 302-305, 308-311 


reen— 
heritable relation to wax content. 


arl M. Conrad and J. Winston 
RR conbibs. coligtecs -- 2th -sbee 307-312 

a hay evidence is nena 
pleiotrophy’’___-- ‘3 - 300-301, 305 
index, relation to green MAS ooo tetas 293-305 





wax content, genetic factors affecting... 307-312 
Pima— 
boll— 
glands, variations__ 447, 450-451 
surface, relation to occurrence of oil 


PUSS SRST a wok ie PCRS er OF ARN 448-450 
calyx glands, variations__....._.... 448, 449-451 
oil glands— 

characters, comparison in families__.. 447-452 
inheritance. R. H. Peebles and E 
Gordon Smith - 447-452 
occurrence, relation to boll surface... 448-450 
stem glands, variations __..........- 447, 449-451 
upland— 
fiber, green-lint character, description 
Ur Fcc ace ey ae eer ee 293-294 
green lint— 
and lint index, relationship_-----.---- 204-295 
pigmentation and wax content, heri- 

table relation. Carl M. Conrad and 

J. WIDSUOR INGBAN 033 asic joo kes'd as 4 7-312 

relation to lint index. J. Winston 

Neely. 3-306 
green pigmentation, effect on fiber de- 
| a eA 301-302, 303 
Nae relationships, studies _-__-....--- 294-305 
int— 


index and green lint, relationship. J. 
WRUMBOINGOEY. - 22-2 cone eae cess 
percentage and lint-index characters__- 
wax content and green pigmentation 

in, heritable relation. Carl M. Con- 

rad and J. Winston Neely_--.------ 

seed characteristics in relation to ginning, 
IIR Sn, oc wre ban Ria asanean meat 

Cottons, seed— 

_ characteristics, relationship to ginning. 
W. Sharrott Smith, William J. Martin, 


293-306 
204 


307-312 
50-259 


and Norma L. Pearson _- athisbe vies 9-260 
ginning, relationship to certain gt Taare 
istics. W. Sharrott Smith, William J. 
Martin, and Norma L. Pearson ~waleusd 9-260 
Cottonseed— 
fuzz, effect upon ginning efficiency, experi- 
WON 508 as alacene vc ete ceh ie dette 2 
lint percentage, effect upon ginning effi- 
ciency, experiments 250-260 


oil, fungicidal value against blue mold of 
tobacco, tests 262-263, 272-273 
Size, effect upon ginning efficiency, experi- 


CRESsMAN, A. W.: Effectiveness Against 
the California Red Scale of Cube Resins 
in Light-Medium and Heavy Spray Oils. 413-419 
Cube resins, effectiveness— 
against California red scale in light-me- 
dium and heavy spray ils. A. W. 
ee ee ee ee eseds 413-419 
in lighter oil, discussion___-----_-.-.---.-- 
Cuprous oxide, toxicity to spores of Perono- 
spora tabacina, tests 271-272, 275 


Dactylis glomerata, composition and palata- 
Dility, experemente. 26... 5-3 
Darso, development, effect of kernel smuts, 
experiments. _-_._-....-------. 147-150, 154-155, 159 
Day lengths, effect on time of heading and 
pen growen: of-ries.= =: 23-2 2 
ies gh dithiocarbamates, metal, fungicidal 
hytocidal properties. ‘olds- 
on , E. L. Green, and M. A. Smith.-. 277-291 
Diluents, gage 0 deposits on charged 
ae . MacLeod and Leslie M. 





INDEX 3 


Page 

Dithiocarbamates, metal dialkyl— 
efficacy in control of— 

apple scab, field tests_..............--.- 7-288 

cherry leaf spot, field tests__._.......... 289-290 

peach scab and brown rot, field tests ___ 289 
era idal and phytocidal properties. M. 

. Goldsworthy, E. L. Green, and M. 

x BUMORE cial cih. gions cchud cu ames 277-291 
perfusion and spray-residue MOM. . si ccina 282-287 
physical properties_ 278-280 

Durra, development, effect of kerne] smuts, 
experiments 1. Se . 147-154, 157, 159 

Dusts, insecticidal, deposits. ‘on charged 
plates. G. F. MacLeod and Leslie M. 
age aa na eT LL NEE ie aed oe TRO 87-95 

Dutch elm disease— 
causal organism, isolation from insects 

attracted to felled trees.............-- -- 77-85 
dissemination - subtleties °° ok wae 
See also Ceratostomella ulini. 

EHEART, Mary §8., REDER, RUTH, and 
AscHaM, LEAH: Effect of Fertilizer and 
Environment on the Ascorbic Acid Con- 
tent of Turnip Greens__...._._._-- 375-388 

ELLIOTT, CHARLOTTE: A Pythitum StalkRot 
RE ee eae 21-39 

Elm— 

American— 
infection by Dutch elm disease. -....---- 
seed, protein content, study. _......---- 349-355 


trees, felled, insects attracted to, wgpten 
of Ceratostomella ulmi from. H. 

Jones and C. 8. Moses_- 77-85 
Emulsifiers for copper-oil and salicylate-oil 
mixtures against blue mold of tobacco, 


WR ia teS hc da SRR b eel GEcieb SS ob dee 270-271 

Endomyces bispora, sp. nov.— 
technical description...............--..-.- 137-139 
See also Ambrosia fungi. 

Energy involved in nitrogen fixation and 
assimilation by Azotobacter, apparatus for 
studying respiration in relation to. J. M. 

Fife - - 229-248 

Environment, effect on ascorbie acid con- 
tent of turnip greens. Ruth Reder, Leah 
Ascham, and Mary 8S. Eheart- 375-388 

Erisiphe graminis hordei, resistance factors in 
DRO a tb fais ni din ns dicots 1-5 

Feeding, swine and rats, value of fish meals, 
GOURD 2 ot esa cde 125-133 

Fertilization, barley ovule, temperature fac- 
torin. Merritt N. Pope_- PREY SO oe 389-402 

Fertilizer, effect on ascorbic acid content of 
turnip greens. Ruth Reder, Leah As- 
cham, and Mary 8. Eheart___..__--...--- 5-388 

Fescue, sheep, composition and palatability, 
CRITI, cinco oie nth dard anawdee does 2-347 


Feterita, development, effect of kernel 
smuts, experiments 147-150, 159, 164 
FeEvusteEL, Irvin C., and GILe, Pair L.: 
Effect of Soiland Peat Admixtures on the 
Growth of Plants in Quartz Sand-..----- 
Fire, J. M.: 

An Apparatus for Studying Respiration of 
Azotobacter in Relation to the Energy 
Involved in Nitrogen Fixation and As- 
SRN 5 505k int ce tdie aetngea 2s 

The Effect of Different Oxygen Concen- 
trations on the Rate of Respiration of 
Azotobacter in Relation to the Energy 
Involved in Nitrogen Fixation and As- 
similation 

Fish meals— 
nutritive value— 
determination, tests with swine and rats. 
E. R. Barrick, C. M. Vestal, and C. L. 
ESTER Se ENB Sete 
for swine and rats, feeding trials.__...-. 
use as protein sup slements in swine ra- 
tions, feeding trials. ..........-...-- 126-128, 133 
Fruits, surface-area prediction, approxi- 
mate, methods for. William Dowell 
Baten and Roy E. Marshall 


229-248 








INDEX : 
Page Page 
Fungi— Inheritance—Continued. 
associated with certain ambrosia beetles. seed color in Lactuca sativa. Ross C. 
ee Se ae 144 sit.” Weil ES aa ae cee aa Pe tee 
conidia, toxicity of metal dialky! dithio- wax states and green pigmentation of 
carbamates to, tests_...........-.--.---- lint in upland cotton, .studies.__._..._. 307-312 
See also specific kinds. Insecticidal dusts and diluents, deposits on 
Fungicidal— charged plates. MacLeod and 
properties of some metal dialkyl dithio- Lindi OME si Benthh. 5225. bb ssi 87-95 
carbamates. M. C. Goldsworthy, E Insecticides, dust, deposits on charged 
L. Green, and M. A. Smith......-...-- WaMOL TUS ste... os cath lis ct nda lsekises 87-95 
tests on blue mold (Peronospora tabacina) Insects— 
of tobacco. E. E. Clayton, T. E. Smith, attracted to felled elm trees, isolation of 
K. J. Shaw, J. G. Gaines, T. W. Gra- Ceratostomella ulmi from. T. H. Jones 
ham, and C.C. Wenger, Jes... 02-2. L.. 1-276 and ©. 8. Moss. - 0222 io cts 77-85 
Fungicides, miscellaneous, value against carriers of Dutch elm disease, importance, 
blue mold of tobacco, tests__.........- 268, 272-275 NE Aianakcqsnninwnenitedaadiiivcibobgueie 77-85 
Fungus diseases, effectiveness of sprays Tron— Hy 
against, discussion ..............----...--. 72-273 dialkyl] dithiocarbamates, properties, fun- 
: gicidal and phytocidal, experiments... 278-291 
Gaines, J. G., Clayton, E. E., Smita, T. increased, and calcium carbonate, effect on 
E., SHaw, K. J., GRAHAM, T.W., and yield of millet in quartz sand__._...._. 54-55 
YEAGER, C. C., Jn.: Fungicidal Tests on Ironwood seed, protein content, study__-.-- 349-355 
— Mold (Peronospora tabacina) of eae : 
obacco _- -----.-.-----------2---4------- 1-27 LIVETTE, JAMES P.: 
Genetic relationships, interspecific, in Lac- —_ Weteee dG Effect of Boron De- 
tuca, further studies. Ross C. Thomp- ficiency on the Histology of Garden Beet 
SON. _--- ~~ -- 2-52-22 nnn no - 41-48 end AMRMROr. oe ts 167-182 
Gnrez, Pamir L., and FrustEL, Irvin C.: WALKER, J. Cc, and MCLEAN, JOnN G.: 
Fffect of Soil and Peat Admixtures on the Boron Deficiency in Garden and Sugar 
Growth of Plants in Quartz Sand_....... 49-65 “<* Sapeaaiineie Rages sR Ne IE 97-123 
Ginning, seed cottons, relationship to certain Jonxs, T. H., and Moss, ©. § S Feoldtion 
characteristics. W. Sharrott Smith, Wil- of Ceratostomella ulmi From ze At- 
liam J. Martin, and Norma L. Pearson... 249-260 tracted to Felled Elm Trees 77-85 
ne ot. a a Bho ee WBE TORII Shia Ore Rh gay 
. Pecbles an ordon Smith__ 
Gisceiaes effect upon fungicidal properties pap inom gu effect of kernel ose 50, 159, 164 
eal TB Brain gl hie 47 
of oils used in treatment of tobacco blue 261-275 | KANAPAUX, MarGARETS.,and Wang, B. L.: 
Go.pswortny, M. C., GREEN, E. L., and Ascorbic Acid Content of Strains of Snap" 
SmitH, M. A’: Fungicidal and Phytocidal Beans. . ----- ~~~ ~~ --n~ i --nnn eon n ons 313-324 


Properties of Some Metal Dialky! Dithio- 


once ak ag EONS RARE EL SSE SER ERI) 277-291 
Gossy pium— 

barbadense. See Cotton, Pima. 

hirsutum. See Cotton, upland. 

oil-gland inheritance, studies_._......_-.- 447-452 
GrauaM, T. W., CLayton, E. E., Smira, T. 

E., SHaw, K. J., Gaines, J. G., and 

YEAGER, C. C., Jn.: Fungicidal Tests on 

Blue Mold (Peronospora tabacina) of To- 

RROD ch Sick ah cist ade esiadendse 261-276 
Grasses— 

chemical analyses_.............------.---. 3-345 

common, composition and palatability. 

J. G. Archibald, E. Bennett, and W. 8. 
SEINE RE aE ee 341-347 

Maule y tress... Soaescs nk ee cbc bs 
GREEN, E. L., Gotpswortny, M. C., and 

Smit, M. A.: Fungicidal and Phytocidal 

Properties of Some Metal Dialkyl Dithio- 

carbamates. ---_- sivas en 


Greens, turnip. See Turnip greens. 


Hangrns, O. G., TANNOR, BERNARD, and 
CLARK, NANcY GRIswoLp: Mechanical 
Determination of the Juiciness of Meat_. 403-412 

HAnsIinG, E. D., and Mercuers, L. E.: The 
Effect of Sorghum Kernel Smuts on the 
Development of the Host__.__.._-...-.--- 

Heart rot of sugar beets. relation to boron 
deficiency, experiments.__.._. 108-109, 111, 

HENDERSON, M. T., and LEC ERG, E. L.: 
Studies of Some Factors Affecting Fruit 
Setting in Solanum tuberoswm in the Field 
EIR i ciad 2 Gas in kwte win dandingak ube 

Herring meal, nutritive value for swine and 


145-165 
115-116 


67-76 


126-133 
349-355 


Hop-hornbean seed, protein content, study- 

Hordewm vulgare var. pallidum. See’ Barley, 
Manchuria. 

empepines rufipes, carrier of Ceratostomella 





Inheritance— 
lint abundance in upland cotton, studies... 
oil glands in Pima cotton. R. H. Pee bles 
and E. Gordon Smith 


293-305 
447-452 








Kaoliang, development, effect of kernel 
smuts, experiments__......- . 145, 147-154, 155-157 
Kempton, J. H.: Differential Effect of Nu- 
trient Solutions on the Size of Various 
Parts of Maize Seedlings Grown in the 






BEE crccncliaconcenpiccnbanbedianacene 83-228 
Lactuca— 
crosses, chromosome behavior in, experi- 
MIE 5 ded oe cibitbicnnkin ateatidbectdsbeed 41-48 
interspecific genetic relationships, further 
studies. Ross C. Thompson.. ....--.- 41-48 
sativa, seed color, inheritance. Ross C. 
SRO « \ tiékinita Re gniedinisveceus 441-446 
Ppp. — 
8- and 9-chromosome, crosses between, 
PE TEE a 45 
8- and 17-chromosome, crosses between, 
GNATACOTISHOS.. -, said ers scien oe 45-46 
8- chromosotie species, crosses between, 
SUAS nc cnensiunn -cdeodecns 43 
See also Lettuce. 
Lamb, juiciness after cooking, mechanical 
determination ice. Scone cies x 07-411 
Lead dialkyl dithiocarbamates, properties, 
fungicidal and phytocidal, experiments. 278-290 
LECLERG, E. L., and HENDERSON, M. T.: 
Studies of Some Factors Affecting Fruit 
Setting in Solanum tuberosum in the Field 
SO BIAS oo nckas sas cnedey noe giee 7-76 
mon— 
fruit, California red scale infestation, con- 
trol BUMOTUMONS. ... . oo 2 wn steestenewcee 17 
wood, California red scale infestation, 
control experiments... .......-.-.-.--- 414-415 
Lettuce— 
achene color factors, genetic relations ..... 442-445 
Chavigne X Giant Summer, achene color, 
MONGTIATOIALIONS . . 655 5 windcckssonwes 444-445 
chromosome studies 41-48 
Grand Rapids X — 
Giant Summer, achene color, one : 
"CCRT aden tiaiins omannsdache 42-443, 444 
Iceberg, achene color, genetic SET ry 443, 444 
white-seeded hyb brid, achene color, 
genetic relations. ..................-.. 443-444 
hybrids, seed-color inheritance, studies... 441-446 








Page 


07-312 
87-95 
87-95 
77-85 
77-85 

278-291 


54-55 
349-355 


167-182 
97-123 


77-85 


159, 164 


313-324 


, 155-157 


"183-228 


41-48 
41-48 


441-446 


s = S ~) 


it 


1, 


45 
45-46 
43 


407-411 
278-290 


67-76 


l- 
415-417 


- 414-415 


r, 


ic : 
42-443, 444 


iS. 
mr, 





442-445 


444-445 
41-48 


443, 444 


443-444 
441-446 





Lettuce—Continued. 
seed color inheritance studies -__-........-- 441-446 
white-seeded hybrid X Giant Summer, 

achene, color, genetic relations. 
See also Lactuca. 

Light, effect on time of heading and plant 
growth of rice, experiments-__--.......-.- 

Liming, soil, relation to internal black spot of 

L = beets, erperiments... s5..-.-.--- 117-119 
green lint and lint index, in cotton, study. 294-295 
relation of Goldfoil factor for resistance to 

mildew in barley. Fred N. Briggs and 
Ernest H. Stanford. 


Lod ARI OR 4 BETS a, 1-5 
stem colors in barley--.-......-.--...---- 5 
Linseed oil, fungicidal value against blue 
mold of tobacco, gE a ER REE AIES: = 
Louisiana, Solanum tuberosum, fruit setting 
in field, factors affecting. M. T. Hender- 
son and E. L. Soy ER RAGES Ls 67-76 
Lunp, A. P., and Sanpstrom, W. M.: The 
Proteins of Various Tree Seeds -...------ 349-355 
MacLeop, G. F., and Smiru, LEsiie M.: 
Deposits of Insecticidal Dusts and Dilu- 
ents on Charged Plates -.....-..--------- 87-95 
Maize— 
coleoptile, length, effect of nutrient solu- 
OS OO eA ie nas 208 


mesocotyl length, effect of nutrient solu- 

tions in dark 5-196, 208, 213-214 
roots, effect of nutrient solutions in dark__ 213, 221 
see 


germination in dark, effects of differ- 

ent solutions and temperatures.. .- 225-226 
residue, effect of nutrient solutions in 

dark 214-215, 224-225 


seedlings— 
grown in dark— 
differential effects of nutrient solu- 
tions on size of various parts. 
BOR ye aan a ar a a es 183-228 
dry-matter content, effects of nutrient 
solutions. _-..--.- il; 215-225 
mean lengths, when grown in dark at 
constant temperature and in nutrient 
WHUUIONG =~. Wn chins eeswc nan ceeu sobs 196-209 
mesocotyl length, effect of nutrient solu- 
tions in dark at different tempera- 
NOD. crac san hcakectors ade peons 
parts, elongation and dry wetght, effect 
of solutions at constant temperatures 
TS" AE Ra GIR) TES ley OR RES 186-226 
weights, when grown in dark at —_ 
stant temperature and = woe trien 


183-186 


solutions. ____..--.-- 6 204-208, 213-218 
tops, effect of nutrient slestoun in dark._ “a _ 


See also Corn. 
Manganese, content of soil, relation to — 
bic acid in bean plant, study SAAS OPER 314, 319, 320 
Marsnuall, Roy E., and BATEN, WILLIAM 
Dows.LL: Some Methods for Approximate 


Prediction of Surface Area of Fruits----_-- 357-373 
Martin, WILLIAM J., SMITH, W. SHARROTT, 
and PEARSON, NORMA is Relationship 
of Certain Characteristics of Seed Cottons 
Wh Mirman ae TUE SAE a gear ay 
McLEAN, JoHN G., WALKER, J. C., and 
JOLIVETTE, JAMES P.: Boron Deficiency i in 
Garden and Sugar Raab i eure 97-123 
Meat— 
juiciness— 
after cooking— 
apparatus for determining_........... 405-408 
determination method, accuracy-...... 408-409 
determination method, evaluation.... 409-411 
mechanical determination. Bernard Tan- 
es zeaney Griswold Clark, and O. G. 
OEE Esl eae ys «Fil he aS 403-412 
snatabiits Sather. measurement.....__-- 403-408 
ME LcHERs, L. E., and HANsING, E. D.: The 
Effect of Sorghum i Smuts on the 
Development of the Host__.__......-.-_-- 45-165 
Menhaden meal, caeuies value for swine 
and rats, feeding trials..........-....-.---- 126-133 


5 


Page 
Mercury dialkyl] dithiocarbamates, proper- 
oy ungicidal and phytocidal, experi- 
Metal dialkyl br prcmerook arya properties, 
fungicidal and dee aie a . C. Golds- 
worthy, E. L. Green, and M. A ‘Smith. 
Mildew resistance in barley, Goldfoil factor, 
linkage relations. Fred N. _ Briggs an 
Renee Ts.  Stawee... Sco cka onto 1-5 
Millet— 
growth in quartz sand, effect of soil and 
@ peat admixtures 
yields— 
comparative, in quartz sand and sand— 
or peat mixtures, influence of water_. 
peat mixture as influenced by peat 
EE UN a detns hecn ee trae Sabcee 
soil mixture, influence of mechanical 
composition of sand__.._....---._-- 58-59 
in quartz sand, effect of calcium carbon- 
ate and increased iron.__.__..._-...... 54-55 
Milo. awn development, effect of smut in- 
fection, study_-___.___- 147-150, 154-155, 162-163, 164 
Mold, blue, of tobacco. See Tobacco, blue 
mold, 
Monilia brunnea sp. nov.— 
technical description...............-..---- 142-143 
See also Ambrosia _ fungi. 
Mosgs, C. S., and Jongs, T. H.: Isolation 
of Ceratostomella ulmi From Insects 
Attracted to Felled Elm Trees 


277-291 


55-58 


NEE LY, J. WINSTON: 
Relation of Green Lint to Lint Index in 
Uren GON oka is es 
and ConraD, CARL M.: Heritable Rela- 
lation of Wax Content and Green Pig- 
mentation of Lint in Upland Cotton__.. 307-312 
New Jersey, Dutch elm disease, dissemina- 
CO ss. Si ls seainnnulicneie some 77-85 
New York, Dutch “elm disease, dissemina- 
Wy Ta Si ard ie Sind cha os cea 77-85 
Nicotiana tabacum. See Tobacco. 
Nitrate ion, effect upon respiration rate of 431-432, 
Azotobacter, studies 438 
Nitrogen— 
assimilation by Azotobacter, energy in- 
volved— 
apparatus for studying respiration in 
relation to. J. M. Fife.............-- 229-248 
relation to respiration rate as affected by 
— oxygen concentrations. J. M. 


effect on ascorbic acid content of turnip 
greens, experiments...........---------- 375-385 
fixation by Azotobacter, energy involved— 
apparatus for studying respiration in 
relation to. J. M. Fife...........--..- 229-248 
relation to respiration rate as affected by 
See onves concentrations. J.M. 


Nutrient— 
salts. combined with oil sprays, fungicidal 
value against blue mold of tobacco, tests. 267-268 
solutions, differential effects on size of 
various parts of maize seedlings grown 
in the dark. J. H. Kempton 1 
Nutritive value of certain fish meals, deter- 
mination, tests with swine and rats. E.R. 
Barrick, C. M. Vestal, and C. L. Shrews- a 


Oak— 
northern— 
bur, seed, protein content, study-....-- 
pin, seed, protein content, study.- 
red, seed, protein content, study 
red, seed, 4, protein content, study 
oWhiter see 


protein content, mudy...2.-2 


glands, inheritance in Pima cotton. R.H. 
Peebles and E. Gordon Smith_-..-....- 447-452 
sprays, with nutrient salts, fungicidal 
value against blue mold of tobacco, 








tests. hi 267-268 








6 INDEX 


Page 
Oils— 
fungicidal value against blue mold of 
tobacco, tests 262-263, 272-275 
glyceride, "effect upon blue mold of edison 
Se ak £5 MGA dd emwitneem dues 261-275 
spray, light- medium and heavy, 
resins in, effectiveness against California 
red scale. A, W. Cressman.......-_- . 413-419 
toxicity to spores of Peronspora tabacina, 
Greet ha die cy nenhchcsshenne 271-272, 273-274 
See also under specific kinds. 
Oiticica oil, fungicidal value against blue 
molt of tobacco, tests._........--.------. 
Orchard grass, composition and palatability, 
RSIS ORESE a citer SCT 
Organic compounds, miscellaneous, fungici- 
dal value against blue mold of tobacco-.- rar 
272-27 


342-347 


Oryza sativa. See Rice. 
Ostrya virginiana, protein content, study --- 349-355 
Oxygen concentrations, effect on respiration 

rate of Azotobacter in relation to energy in- 

volved in pitzogen fixation and assimila- 

RNs As ED on A centhioncinnineé nection kon 421-440 
Patcu, L. H.: Survival, Weight, and Loca- 

tion of European Corn Borers Feeding on 


Resistant and Susceptible Field Corn..-- 7-19 
Peach— 
brown rot, control by metal dialkyl dithio- 
carbamates, field tests.........-.-...--. 289 


foliage, injury caused by metal dialkyl 
dithiocarbamates, tests__........----- 280-285 
scab, control by metal dialkyl dithiocar- 
bamates, field tests __.- 
Peanut oil, fungicidal value against blue mold 
of tobacco, tests _ x 
Pears, surface area, ‘relation to w eight_. 
PEARSON, NORMA L., SmitTH, W. SHARROTT, 
and MARTIN, WituiaM J.: Relationship of 
Certain Characteristics of Seed Cottons to 
Ginning 
Peat— 
admixture to quartz sand, effect on growth 
of plants. Philip L. Gile and Irvin C. 
i hatlt ditt editnbinnt eine ceaben 
hydrogen-ion concentration, influence on 
comparative yields of millet in quartz sand 
and sand-peat mixtures _____ ---.---. 50-54 
PEEBLES, R. H. and SMITH, E. Gorpon: 
Inheritance of Oil Glands in Pima Cotton. 447-452 
Peronospora tabacina— 
blue mold of tobacco, fungicidal tests. 
Clayton, T. E. Smith, 
Gaines, Ws 


262-263 
~ 370-371, 373 


9-260 


E.E. 
K. J. Shaw, J. G. 
Graham, and C. C. 
bien ecne seuancede cue uanbess 261-276 
spore-germination tests 271-272 
spores, toxicity of oils, cuprous oxide, and 


bismuth salicylate to, tests______ 1-272 
Petroleum oils, light- -medium and heavy, cube 
resins in, effectiveness against C alifornia 

eg ee ee ee 413-418 


Phaseolus vulgaris. See Bean; Beans. 
Phleum pratense, composition ‘and palatability, 


ens nna A ER Boe ip Ree a 342-347 
Phosphorus, effect on ascorbic acid content 
of turnip greens, experiments -______-__-- 375-385 


Photoperiod, effect on rice varieties grown in 
field. H.M. Beachell 
Phytocidal properties of some metal dialkyl 


dithiocarbamates. M. C. Goldsworthy, 

E. L. Green, and M. A. Smith__....__..- 277-291 
Pigmentation, green, of— 

cotton fibers, aes 293-305, 307-312 


lint in upland cotton, heritable _——- 4 
wax content. Carl M. Conrad and 
PRON NONI sé ao ik iss shies cscs 

Pigs, feeding with fish meals in ration, ss. an 
13 
Plants, growth in quartz sand, effect of soil 

and peat admixtures on. Philip L. Gile 

and Irvin C. Feustel. 

Plates, charged, deposits of insecticidal dusts 


and diluentson. G.F. MacLeod and Leslie 

Ry MONA Cie’. cdc Sdadh Ghlennd Shaki. AES 87-95 
Platypus Sempre, association with ambro- 

SN eo koe ats ea 135, 136, 137-139 


Plums, peoath area, relation to weight. 371, 372-373 





Page 

Poa pratensis, composition and palatability, 
RUIN. 4 kre d ir endimnmmdansne~om 342-347 

Pollination, controlled, effects on fruit setting 
in Solanum tuberosum___.-.--------- 68-75 
Pore, MERRITT N.: The Temperature Factor 
in Fertilization and Growth of the Barley 
RR oc 50 ca ores elie salainte ne be 8 
Pork, juiciness after cooking, mechanical de- 
termination _- 06-411 

Potassium, effect on ascorbic acid content of 
375-385 


turnip greens, experiments 
Potato— 
fruit setting in field in Louisiana, studies... 67-75 
nonfruitfulness, effect en breeding 67 
See also Solanum tuberosum. 


Proteins— 
feeding to swine and rats, value of fish 
IR Fane 3. hiik ka eacceshahcikeirewei paren 125-133 


tree seed— 


A. P. Lund and W. M. Sandstrom----- 349-355 
isolated, analysis - - - ---- 352-353, 354 
isolation from. preps ared seed aes .. 351, 352 
peptization studies icupinenemdedrghitice 350, 353-354 
Pterocyclon— 
fasciatum, association with ambrosia 
fungus 142- "ng 
mali, association with ambrosia fungus .__- 
136-137, 142-143 
Pythium— 
butleri— 
cause of stalk rot of corn...-.-.--...---- 26-28 
CNL Ee bi ns pcnaidsiabwebiedyisunnudedse ae 
pathogenicity to field corn, inoculation 
NN Spoils, alsin atk tab ten bee 28-39 
stalk rot of corn, Charlotte Elliott....... 21-39 
Quartz sand— - 
cultures, soil admixtures in, beneficial 
| CREE Ti aE PA PAH 61-62 
millet yield in, , effect of calcium carbonate 
and increased Re ee eR Py ae 54-55 
plant growth in, effect of soil and peat ad- 
mixtures. Philip L. Gile and Irvin C. 
OS SS PETAR RS Se: REE NI ae 49-65 
Quercus— 
alba, seed, protein content, study..-..:-.. 349-355 
borealis— 
seed, protein content, study ---.--------- 349-355 
var. maxima, seed, protein content,study. 349-355 
ellipsolidalis, seed, protein content, study. 349-355 
macrocarpa var. olivaeformis, seed, protein 
ODETTE Seis 9555 ieneuesaseceis~< 349-355 
Rats— 
feeding with commercial fish meals, trials. 128-133 
nutritive value of certain fish meals, deter- 
mination, tests. E. R. Barrick, C. M. 
Vestal, and C. L. Shrewsbury-.----_---- 125-134 
RepER, RvutH, AscHAM, LEAH, and 
EnEART, Mary S.: Effect of Fertililizer 
and Environment on the Ascorbic Acid 
Content of Turnip Greens_-__-..-.-..--..-- 375-388 
Redtop, composition and palatability, ex- 
INS 65 niin oe sis Hikne ba hacen 342-347 
Resins, cube, effectiveness against California 
red scale in light-medium and heavy spray 
oils.. A. W. Cressman_-__..- pee ad atiwne 413-419 
Respiration— 
Azotobacter, apparatus for studying, in rela- 
tion to energy involved in ae fixa- 
tion and assimilation. J. M. .---- 229-248 
rate of Azotobacter, effects of different oxy- 
gen concentrations on, in relation to 
energy involved in nitrogen fixation and 
assimilation. J. M. Fife........-.....-. 421-440 
Rice— 
photoperiodic response, value to breeders- 325 
varieties— 
grain and straw weights, effect of photo- 
periods, experiments__.------..---.-.- 334-335 
grown in oan 9 effect of photoperiod. 
BE. Dh, OR sini ines ecvaipas voaee 
heading time, eftock of photoperiods, ex- 
ONIN bi tice bose Sasldesc ee 329-330 
light treatments, split-day, effects __.___- - 335-338 


panicle length, effect of photoperiods, 
experiments 

panicle number, effect of photoperiods, 
IID oo: sp cccceneciescnabaneiven 332- 











INDEX 7 
Page Page 
—Continued. Smuts— 
Been -Continies, kernel, of sorghum, effects on develop- 
plant height, effect of photapentode, © ex- ment of host. L. E. Melchers and E. 
periments. --.---------- . 333-334 DD. BERTI nF oP hs a a ei 145-165 
response to phofoperiods, discussion... 338-339] See also under host and ‘specific name. 
tiller number, e ehtect of photoperiods, Sodium dialkyl dithiocarbamates, proper- 
OENETIMNGDL.....--<nas~-ee~tesaensess 330-332} ties, fungicidal and phytocidal, experi- 
Ritcniz, W. S., ARCHIBALD, J. G., and Pt eaten: Sana SSS ie) 5 IN Fe fe 78-290 
BENNETT, E.: The Lee eg and Pal- doc‘iies re ; 
f Some Common Grasseg- - - --- = admixture— ; 
—* in quartz sand Me gg beneficial effects. 61-62 
late-oil mixtures, emulsifiers for, to quarts sand, effect on growth of 
vp vb against blue mold of tobacco, plants. Philip L. Gile and Irvin C. 
NE. 2 on nese enaainn 2s Baeoser te seen 270-271 RMON ee ce ea ee 9-65 
Salicylates, fungicidal value against blue liming, relation to internal black spot of 
mold of tobacco, tests-...---.---.-----.---- 68-272 garden beets, experiments. _____________ 17-119 
Salt solutions, nutrient effect on parts of manganese content, relation to ascorbic 
maize seedlings grown in dark--.-_-- 183-228 | _ acid in bean plant, study_._..______ 4, 319, 320 
Salts, nutrient, combined with oil sprays, Solanum tuberosum— : 
fungicidal value against blue mold of ° flower development, stage, effect on fruit 
tobacco, tests por oe ont 267-268 oun a ew ninnnanemenncnnmavanienerntctqnan= 1-72 
Sand, quartz, plant growth in, effec _ 
and reat admixtures. Philip L. Gile and set, effect os atl ; 
Teeth <1, ORNL. sk vee rann ane eeners 49-65 bagging flowers -_.._______- pean 68-71 
SANDSTROM, W. M. and Lu ND, be 3.3 natural environmental conditions__ 72-74 
Proteins of Various Tree Seeds. . ------ 9-355 eine ok eg pear on 71-72 
th ambrosia Setting in field, factors affecting, studies 
ny liad — ees cach Wal 136-137 y Louisiana. M. T. Henderson and 
meals, nu! ti alue for swine and u. Ly er Staal his oa, 
Sardin a Chis 7 posi SGN SS ate 126-133 | varieties, 7 newagh sterility, extent.......... 67-68 
Scale, California pe. sali he nc ore 
a ’ 
eflectiv — ey ‘ones. ae oils. development, effect of kernel smuts. L. 
- Wig A pl ale rae Da Nn SE A 413-419 E. Melchers and E. D. Hansing _.. 145-165 
oils used in sprays— hen e glumes, proliferation, effect of smut in- 
deposits on lemon leaves-.-------------- 414 Breet wa rere nnn er een e-e-------- 157-159, 164 
specifications. -_--.----.-------.-------- 413 aie bey oa aad , 
\- pment of host. L. E. 
at See carrier of Ceratosto aias : Melehers and t py wg Sais 
inheritance in Lactuca sativa. ee also Sphacelotheca cruenta; S. sorghi. 
Se lie 441-446 varieties, smut-sori variation, compari- 
Seeds, tree, proteins of. A, P. Lund and s com ee 159-162, 164 
OW, Wi einarinteen hy acs ieee so 349-355 | SOre y= i aliens ja 
Shallu, development, effect of kernel smuts, i vate evelopment, effect of smut —. ~pae 
Pp na dacieaieghc ahetutediedy tebehshetatetatetatetetatetet te » 5 
sua, KJ, Ciaitox, EB, Swi — covered kernel smut, cause - 145 


GAINES, J. G., Granam, T. W., and 

YEAGER, C. OC. JR.: Fungicidal Tests on 

Blue Mold (Peronospora tabacina) of 

re 2 Se a ae cane 261, 276 
SHREWsBURY, C. L., Barrick, E. R., and 

VEstTaL, C. M.: The Nutritive Value of 

Certain’ Fish Meals as Determined in 

Tests With Swine and Rats____------ 125-134 
Silver dialkyl dithiocarbamates, properties, 

fungicidal’ and phytocidal, experiments.. 278-290 
SmitH, E. GorpDOoN, and PEEBLES, R. #.: 

Inheritance of Oil Glands in Pima Cotton_ 447-452 
SmitH, LESLIE M., and MacLeop, G. F.: 

Deposits of Insecticidal Dusts and Diluents 

on Charged Plates __ ‘i ---- 87-95 
SMITH, M. A., GoLpsworTRy, M. “C., and 

GREEN, E. L.: Fungicidal and Phytocidal 

Properties of Some Metal Dialkyl Dithio- 

pT EERE ea tee a ee ta 277-291 
Situ, T. E., CLayToNn, E. E., SHAaw, K. 

J., GAINES, J. G., GRAHAM, T. W., and 

YEAGER, C. C., JR.: Fungicidal Tests on 

Blue Mold (Peronospora tabacina) of 


SmitH, W. SHARROTT, MARTIN, WILLIAM J., 
and PEARSON, NorMA L.: Relationship 
of Certain Characteristics of Seed Cottons 


IIS hee le et. Saati g 249-260 
Smut— 
infection of sorghum, effect upon— 
awn development.__._...___._..---- 162-163, 164 
growth cycle of host. .................-- 154, 164 


height of plant, stalk diameter, and leaf 
ME MEI go. nc ode one we Os me 147-154 
node differentiation of host..... 154-155, 163-164 


cena OF POTIONS: oc. kk cee 157-159 
ITO OF ROW = oa ig nt nen 155-187, 164 
sori, size on sorghum varieties, —— 

MMS aban ses adncaneeacesdcercee 59-162, 164 


infection with kernel smut, effects on 
height of plant, stalk diamet ter, and leaf 
width, morphological studies. 
toa kernel Be CRN Ce 3 a 
smut infection, effect on— 
excessive tillering 
growin eye... .. . oc... 2... 
node differentiation. _..._______ 154- 155, 
proliferation of panicles.____ 157- 
Sorgo development, effect of kernel smuts, 
experiments - 
Soybean oil, fungicidal ‘value against wee 
mold of tobacco, tests 
Sphacelotheca cruenta— 
cause of loose kernel smut_____ 
effects on development of sorghum _ 5 
physiologic races, relation to size of sori on 
sorghum varieties 
See also Sorghum kernel smuts. 
Sphacelotheca sorghi— 
cause of covered kernel smut - aera Oa ks 
effects on development of sorghum 
See also Sorghum kernel smuts. 
Spray— 
oils— 
heavy and light, efficacy against Cali- 
fornia red scale, comparison with light, 
ORDO S «ck. ae ice teed 
light-medium and heavy, cube resins in, 
effectiveness against California. red 
scale. A. W. Cressman.__....._____. 
protection against fungus diseases, dis- 
NUE woo saat u cas oobicedssuascs 
residue, injury to— 
apple and peach foliage by metal dialkyl 
dithiocarbamates._._....__..._________ 
kidney bean foliage by metal dialkyl 
dithiocarbamates___._._...._.________ 
STANFORD, ERNEstT H., and Bricas, FRED 
N.: Linkage Relations of the Goldfoil Fac- 





tor for Resistance to Mildew in Barley_._- 


- 147-154, 163 
145 


SESS 6 ee ee 155-157, 164 


154, 164 
163-164 
159, 164 
7-150, 159 


262-263 


= 145 
145-164 


159-1€2 


145 
145-164 


413-418 


413-419 
272-273 


1-5 





8 


Storage, effects on aseorbic acid content of ‘ 


Sugar beet— 
boron deficiency. J.C. Walker, James P. 
Jolivette, and John G. McLean 
heart rot, relation to boron deficiency, ex- 
periments 108-109, 111, 
See also Beet, garden. 
Sulfur compounds, fungicidal value against 
blue mold of tobacco,’ tests 
Surface area of fruits, approximate prediction 
of, methods for. William Dowell Baten 
and Roy E. Marshall 
Swine, nutritive value of certain fish meals, 
determination tests. E.R. Barrick, C. M. 
Vestal, and C. L. Shrewsbury 


TANNOR, BERNARD, CLARK, NANCY GRIs- 
WOLD, and Hankins, O. G.: Mechanical 
Determination of the Juiciness of Meat__- 

Temperature— 
effect on elongation and dry weight of maize 

= parts grown in solutions in 


ieetor in fertilization and growth of barley 
ovule. Merritt N. Po 
Tuompson, Ross C.: 
Further Studies on Interspecific Genetic 
Relationships in Lactuca 
Inheritance of Seed Color in Lactuca 


Timothy, composition and palatability, sae 
periments 
Tobacco blue mold— 
control by sprays, discussion 
(Peronespors tabacina), fungicidal tests. 
layton, T. E. Smith, K. J. Shaw, 
J. G. Gaines, T. W. Graham, and C. C, 
Yeager, Jr_- 
spore-germination tests 
Tree seeds, proteins of. 
W. M. Sandstrom 
Trifolium repens, composition and palata- 
bility, experiments - 
Tung oil, fungicidal value against blue mold 
of tobacco, tests - 
Turnip greens, ascorbic-acid content— 


A. P. Lund and 


effect of fertilizer and environment. Ruth 


Reder, Leah Ascham, and Mary §&. 
heart 37. 


INDEX 


Page 


115-116 


403-412 


272-275 


261-276 


349-355 
342-347 





Ulmus americana. See Elm, American. 


Vernalgrass, sweet, composition and pala- 
tability, experiments 

VERRALL, ARTHUR F.: Fungi Associated 
With Certain Ambrosia Beetles 

Vestal, C. M., Barrick, E. R. 
SHREWSBURY, ©. L.: The Nutritive "Value 
of Certain Fish Meals as Determined in 
Tests With Swine and Rats 


Wabe, B. L., and KANAPAUX, MARGARET 
8:. Ascorbic Acid Content of Strains of 
Snap Beans 3 
WALKER, J. C.: 
and JOLIVETTE, Jamés P.: Effect of Boron 
Deficiency on the Histology of Garden 
Beet and Cabbage 

JOLIVETTE, JAMES P., and MCcLEAN, 
JoHN G.: Boron Deficiency in Garden 
and Suzar Be 

Wax content of lint in upland cotton, herit- 
able relation to green pigmentation. Carl 
M. Conrad and J. Winston Neely_....... 307-312 

Wheat yields, comparative, in quartz sand 
and sand-soil mixture, influence of nutrient 


Wood-staini ng fungi, association with certain 
ambrosia beetles, studies 


Xyleborus— 
affinis, association with ambrosia peta ‘3 
§ 190-141 
135, 


pecanis, association with ambrosia ae. 
141-142 


136, 


YraGcer, C. C., Jn., Crayton, E. E., 
Smita, T. E., Suaw, ee J., GAINEs, J. G., 
and GRawaM, 1. Ww. : Fungicidal Tests on 

, Blue Mold (Peronospora tabacina) of To- 


Zea mays. See Corn; Maize. 
Zine dialkyl dithiocarbamates, properties, 
fungicidal and phytocidal, experiments... 278-290 








